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ABSTRACT 
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Introduction 



The Ener gy Smarts Team 

nergy Smarts Team members are energy 
conscious students who want to save 
energy at school and at home. Students 
in a classroom and their teacher form an 




Energy Smarts Team. Selected students monitor their 
building each day, at recess, lunch, or after school. 

Energy Smarts Team members hope to find every- 
thing dark and quiet. They dislike energy waste and 
make sure that lights and equipment not used are 
turned off. No, they don't unplug refrigerators or ■ 
incubators. 

However, they do turn off lights, overhead projec- 
tors, radios, or other unused electrical gismos they 
come across during their search. 

They leave gentle reminders with offenders and 
positive notes with those who watch their watts. 
They keep careful records to document progress. 
They regularly recognize rooms with perfect 
records. 

School District 4J in Eugene, Ore. began its aggres- 
sive energy conservation program in 1987. The 
school district has achieved significant savings by 
installing energy efficiency measures, including 
behavioral conservation activities. The Energy 
Smarts Team program, called Waff Watchers in 
Eugene, has brought an awareness of resource 
conservation to students and staff and has encour- 
aged students to make a significant difference in 
reducing energy consumption at their school. 

From this program and other conservation efforts, 
the Eugene School District saved more than 
$271,000 in avoided energy costs during the 1991-92 
school year. 

The Energy Smarts Team program has been instru- 
mental in empowering students and staff to start 
thinking about using resources wisely. It provides 
activities for students to observe firsthand their 
school's energy consumption. The program not 
only draws attention to a school's energy use, but 
also illustrates the cost of that valuable resource. 



Who Are Energy Smarts Team Members? 

Energy Smarts Team, members are responsible stu- 
dents who work independently as well as part of a 
team. Teachers choose team members. 

What do they do? 

Energy Smarts Teams monitor their school to help 
conserve energy. Each Energy Smarts Team has an 
assigned area in the school. 

Energy Smarts Teams patrol the school checking for 
unnecessary lights and other wasted energy. They 
sometimes keep track of how much energy their 
school uses and how much that energy costs. 

How do tht;y work? 

Energy Smarts Teams keep a log where they record 
when lights and other electrical equipment have 
been left on or turned off in empty rooms. If people 
in a classroom, work area, or office have forgotten 
to turn off the lights, the Energy Smarts Team 
member leaves a friendly reminder "ticket" to help 
them remember the next time. A "Thank You" note 
is left when people in the area have remembered to 
turn off lights and other equipment. 

Energy Smarts Teams are important because: 

• The money your district is spending for lights 
and equipment left on in empty rooms could 
be put to better use for educational purposes. 

• Using resources wisely is part of being 
responsible and taking care of where you live. 

• Energy Smarts Teams are fun and give students 
an opportunity to contribute to their school 
and learn about using resources wisely. 
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Energy Smarts Team Purpose 
and Procedures 

The purpose of Energy Smarts Team training is to 
provide students with tools and information they 
need to effectively monitor energy use within their 
school building. 

Energy Smarts Team activities build teamwork 
among participants. They also increase awareness 
of energy resource issues. 

Team members typically monitor the school once a 
day — during lunch, recess, or after school. They 
work in pairs — never alone! An adult or experi- 
enced team member should accompany each team 
the first few times it is on duty. 

The teacher or designated sponsor provides log 
sheets (see p. 31) on clipboards and badges (some 
type of I.D. tags) for team members to wear while 
on duty. 

The school is divided into routes, each including a 
small number of rooms to monitor. 

Each day, four or five teams pick up a clipboard 
corresponding to their route. The same team might 
do the same route at the same time for a week. 
Scheduling is up to the teacher. Log sheets can be 
altered to meet a teacher's specific needs. 

Team pairs pick up their equipment in a specified 
place, such as the office, and drop it off immedi- 
ately upon finishing their rounds. It is good to have 
them check in with an adult when starting and 
finishing their rounds so someone knows where 
they are at all times. 
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Activity Overview 




n the following pages is the outline of a 
program used in Eugene, Ore. to train 
Energy Smarts Team members. The 
training, as done in E^ugene, takes about 



2-1/2 to 3 hours. 

This manual includes a detailed outline of activities 
used during the training, plus additional activities. 

Depending on your interests and needs these 
additional activities could be substituted for part of 
the basic training. Or they can be used during 
follow-up meetings with your team. You can 
modify any activity to meet your needs. 

Here is a brief overview of each activity in the 
. manual along with a summary of its goal. 



Energy Smarts Team Pretest/Post-test 
Take a few minutes and find out how much your 
students already know and help them focus on 
important concepts. Test again at the end of the 
training to determine how successful the training 
has been. 

White Water Rafting 

An exercise to familiarize students with the idea of 
simulations. It also serves to loosen up the group. 

H.T. Rae Simulation 

Builds problem so'ving and teamwork skills. Begins 
a discussion and appreciation of finite resources 
and how they can be managed for the greatest 
benefit. 

Cookie Mining Simulation 

A fun exercise that ends with the students being 
able to eat the cookie. It reinforces the meaning of 
finite resources and builds an appreciation of 
different perspectives and the implications they 
have on management strategies. TMs exercise 
provides information that strengthens graphing and 
math skills. 

School Energy Consumption 

Starts to build an awareness for how energy is used 
in a school. It begins to relate energy use to specific 
activities at the school. TTic material reinforces 
lessons relating to graphing and developing differ- 
ent hypotheses. 



Electrical Pathways 

In this exercise a poster, not contained in this 
manual, is used to motivate a discussion of how 
electricity is produced and used. A source for the 
poster is indicated in the training agenda. Other 
resources can be substituted for the poster to help 
motivate a similar discussion. 

What's a Watt? 

A watt-rate meter is used to measure and compare 
energy used by typical classroom appliances such 
as lights, an overhead projector, radio, etc. A watt- 
rate meter can be made from an old electric meter 
by retrofitting it with a standard electrical outlet. 
Local electric utilities often will donate these. This is 
an excellent tool for demonstrating the effect of 
different measures such as replacing an incandes- 
cent bulb with a fluorescent one. The watt-rate 
meter also helps students develop a feeling for how 
much energy a watt-hour represents and the effect 
their actions as part of the Energy Smarts Team can 
have. 

What's a Therm? 

Many of the in-school activities focus on lighting, 
computers, and other equipment that use electricity. 
As students apply their knowledge at home and as 
they become more sophisticated at school they will 
increasingly become involved with space and water 
heating and with other appliances that may be 
fueled by natural gas. "What's a Therm?" presents 
background information and exercises to increase 
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awareness of gas as an energy resource, how it is 
measured, and the relationship between it and 
other resources. 

Meter Reading 

Tliis is a follow-up activity that helps motivate 
students to apply their Energy Smarts Team training 
outside of school. After instruction at school, the 
students are able to read and record their ehctric 
and gas meters at home. Following a week or other 
specified time period, students can compare data. 
TTiis presents a good vehicle for use of math and 
graphing skills and for discussions about energy 
use in their homes. It can be the start of the student 
becoming Energy Smart at home too. 

Top Ten Tips to Try to Tame Terrible TemperS- 
ture Thieves 

This activity grew out of an energy-related student 
poster contest. The poster depicts ten typical actions 
available to Energy Smarts Team members. The 
graphics have been reproduced in the Energy Smarts 
Team Training Manual along with a short descrip- 
tion of the activities. As you and your team discuss 
them, you may think of other actions that should be 
added. 

Energy Smarts Team Procedures and Materials 

These materials provide a starting point for you to 
work with your team on the steps you want them to 
take in your building. You are free to use the 
procedures and materials used in Eugene that are 
included. You may use them as is or customize and 
improve them based on your experience and 
setting. 
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Energy Smarts Team Training Agenda 

(If teachers want their students to take the Energy Smarts Team pretest [pp. 1 1 -1 2], this might be a good time to do it.) 

Note: This is the agenda that Eugene 4J School District used for its Energy Smarts Team training. The manual 
includes activities in addition to those described below. 



1. Name that energy 

Name tag energy introductions. Participants create 
colorful energy name tags (3 by 5 index cards). 
Include first name and two energy illustrations. 
Participants introduce themselves and briefly 
explain their energy illustrations. 

2. Simulations 

• Ask participants to define simulation. 

• White water rafting simulation. 

To illustrate a simulation, have participants 
pretend they are white water rafting. Explain 
that we are going white water rafting and ask 
them to put on their life jackets, making sure 
to tie both strings. Demonstrate each part of 
this simulation in front of the class. Get your 
oars out and start paddling. Half of the class 
might paddle on one side and half on another. 
Don't forget to stop for lunch on a big rock! 
Paddle around dangerous rocks, and perhaps 
paddle backwards furiously when you get too 
near a waterfall. 

• H.T. Rae simulation. 

Divide participants into problem-solving 
groups and read aloud the H.T. Rae story (p. 
14) or show it on an overhead transparency. 
Encourage groups to suggest possible 
solutions to the problem presented in the 
story. Have groups share one or two of their 
solutions with the rest of the class. Read the 
ending of the story. 

• Cookie mining simulation. 

See pp. 15-16. 

(Possible break. You may loant to use this time to tour 
the boiler room and observe the heating system of the 
building.) 

3. School energy consumption 

Show participants how to interpret data on the pie 
chart (p. 17) and line graph (p. 18). Ask participants 
to guess what energy uses different slices in the pie 
chart represent. Also ask them to deduce why 
electricity use is less during summer months. 



4. Electricity pathways 

To stimulate discussion about electricity producers, 
use the Electricity Serves Our Community poster 
available for $3 each plus shipping and handling 
from the National Energy Foundation, 5160 Wiley 
Post Way, Suite 200, Salt Lake City, Utah 84116, 
telephone 801-539-1406. Emphasize similarities in 
generation of electricity from many different 
producers — solar, fossil fuels, wind, hydroelectric, 
geothermal, and nuclear. 

Have participants brainstorm a list of devices at 
school that use electricity. List them on the chalk- 
board and categorize them according to use, e.g., 
electricity used to heat, electricity used to light, 
electricity used to perform work. 

5. What's a watt? 

Have participants do activities suggested on pp. 19- 
20. Use the watt-rate meter to show participants 
actual electrical consumption of electrical devices 
such as a 100 watt bulb, compact fluorescent bulb, 
hair dryer, electric drill, overhead projector, radio, 
etc. Point out the relationship between electrical 
consumption and generation of heat. Discuss watt, 
kilowatt, and kilowatt hours. Calculate the cost of 
using lights for one year. 

6. Energy Smarts Team procedures 
and agreements 

Read and discuss Energy Sniarts Team procedures 
and agreements (pp. 29-30). Train participants in 
how to use the Energy Smarts Team log. Make up 
humorous scenarios to present to participants. Have 
them mark their Energy Smarts Team log appropri- 
ately. 

7. Tickets and certificates 

Make your own "Positive tickets," "Gentle Remind- 
ers," and "Perfect Energy User Certificates." (See 
pp. 32-33 for ideas.) 

8. Evaluation. 

To close the workshop, use either "What did yoii 
learn" questions or the post-test on pp. 27-28. 
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Name 
Class _ 
School 
Date 



Energy Smarts Team Pretest 



1. It pays to turn off the lights in a room as soon as 
it is empty for more than 

a) 1 second. 

b) 1 minute. 

c) 5 minutes. 

d) 15 minutes. 

2. On a cool sunny day, the best idea is to 

a) open the shades and turn on the lights. 

b) close the shades and turn on the lights. 

c) open the shades and turn off the lights. 

d) close the shades and turn off the lights. 

3. An incandescent light bulb is the most common 
type used in homes. When it is on it 

a) is warm to the touch and looks like this; 

b) is warm to the touch and looks like this; 



c) is hot to the touch and looks like this: 

d) is hot to the touch and looks like this: 



4. Which light bulb uses the most electricity? 

a) a 70 watt incandescent. 

b) a 70 watt fluorescent. 

c) They both use the same. 



5. Which light bulb produces the most light? 

a) a 70 watt incandescent. 

b) a 70 watt fluorescent. 

c) They give off the same amount. 

6. A school can lose energy right down the drain! 
All drips being equal, the most expensive leaky 
faucet 

a) is a cold water faucet. 

b) is a hot water faucet. 

c) is a warm water faucet. 

7. If someone asked you which was longer, a 40 
centimeter snake or a 2 foot long snake, you would 
have to convert them both to the same units. It 
works this same way with energy; Electricity that 
lights a bulb, oil that bums in a furnace, and heat 
your body gives off can all be converted to Btu. A 
Btu is about the amoimt of heat energy in 

a) one wooden kitchen match. 

b) one firecracker. 

c) one average fireplace log. 

d) one gallon of gasoline. 

8. Electricity is measured in 

a) therms. 

b) watts. 

c) gallons. 

d) pounds. 
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9. This graph shows how much electricity was 
used at Any School USA during a 5 year period. In 
which month did Any School USA use the most 
electricity? 

a) January 1989. 

b) July 1991. 

c) March 1990. 

d) January 1992. 

10. Many tools and appliances besides overhead 
lights use electricity in schools. Name three com- 
mon items found at school besides lights that use 
electricity. 

a) 

b) 

c) 
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H.T. Rae Simulation 

Grades 4-6 

Subjects: science and social studies 
Activity: 

Divide participants into problem-solving 
groups. Read aloud the H.T. Rae story 
(p. 14) or show it on an overhead 
transparency. Encourage groups to 
brainstorm solutions to the problem. Participants 
may either write down or draw their solutions. 

Ask each group to share one or two solutions that 
represent the general feeling of the entire group. 
The instructor records suggestions on the board or 
on a large sheet of butcher paper. 

The ending to the story is read or shown on the 
overhead projector. The instructor asks the class 
which solutions suggested by the class might really 
work. 

Once participants realize that the astronaut group, 
the Uoy, really represents the majority of us, 
participants often change their minds about what 
sh uld be done to solve the problem. 

Solutions suggested by other students 

"Lock them up in a space jail and throw away the 
key." 

"Confine them to their own space and only give 
them enough food to barely exist." 

"Tell them what they are doing wrong and warn 
them that if they don't change they'll be punished." 

"Train them about recycling and other things that 
will make them understand how to improve." 

"Force them out of the spaceship into space and let 
them deal with what it's like out there." 

"Torture them by only giving them a few crumbs to 
eat until they learn their lesson." 

"Do the same to them.... Take their food, mess up 
their air and water.... Maybe they won't be so mean 
if they saw how it felt." 



H. T. Rae questions for discussion 

I. Shall we lock up all people who pollute air and 
water? 

2. Many people drive automobiles. What should 
be done about people who pollute air with their 
automobiles? 

3. What shall we do witli people who generate 
garbage? After all, most garbage is disposed of in a 
way that pollutes. Using landfills to bury garbage 
and incineration to bum garbage each presents a 
different pollution problem. 

4. What about people who waste electricity? 
Leaving electrical appliances and devices on when 
they're not being used wastes energy. More energy 
must be produced when we waste it. Producing 
energy is expensive and uses earth's valuable 
resources. 

5. Ask other questions that draw attention to the 
fact that each of us pollutes and wastes resources to 
some extent. 
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The H.T. Rae story 

The H.T. Rae is a large spaceship that contains 
everything required for a long mission to explore 
the universe. Garden plots with fertile soil provide 
enough food for the astronauts during their voyage. 
The ship also has the ability to continually purify 
air and Vk'ater — recycling these elements for the 
astronauts' use. The ship, hovk'ever, has only a 
limited amount of natural resources on board. 

Acquiring additional resources Vk'ould not be a 
possibility for the astronauts. Wise use of natural 
resources on board is important if the ship is 
expected to have enough for its entire voyage. 

The H.T. Rae is fully equipped to support everyone 
on board, but each of its systems must be carefully 
maintained, as there is no extra water, air, soil, food, 
or other resources. Successful maintenance of the 
entire ship and its systems depends on careful 
balance of each element and on cooperative behav- 
ior of all astronauts. 

On board the H.T. Rae are many groups of astro- 
nauts. Most groups work well together and help 
one another for the good of the ship. One of these 
groups, the Uoy, is well-known for wanting more 
food than their own areas can produce. They buy, 
and sometimes take, some of the other astroiiauts' 
resources. They don't use resources wisely. In fact, 
they have been known to throw away their food 
and waste. This pollution has created a probl«.m 
with the ship's clean water supply. 

The Uoy have often been known to bum their 
excess waste, polluting the ship's air supply. This 
group of astronauts has really had quite an effect on 
the rest of the ship. 

What should be done? 



(Read the following after the group finishes the H.T. Rae 
simulation.) 

H.T. Rae is Earth spelled backwards. The spaceship 
represents Planet Earth. Uoy is you spelled back- 
wards — this is to point out that we, as human 
beings, are often guilty of using more natural 
resources than we need. We are often guilty of 
throwing away and burying or burning our waste, 
which pollutes our water an^^ir. 

All of the air, water, soil, and natural resources we 
will ever have are on Earth now. We breathe the 
same air the dinosaurs breathed and drink the same 
water they drank. We are rapidly using up natural 
resources that have taken millions of years to make. 
We are the astronauts on Spaceship Earth, and it is 
our responsibility to keep the ecosystem in balance 
for future generations of inhabitants and to use our 
natural resources wisely. 
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Cookie Mining Simulation 

Grades 4-6 

Subjects: science, math, and social studies 





Concept: 

oal deposits, like many natural 
resources, are unevenly distributed 
throughout the world. 

» Mining, like other methods used to extract 
natural resources, affects the environment to 
varying degrees. 

• Many factors need to be considered when 
making decisions regarding the wise use of 
natural resources. 

Background: 

At present, coal provides nearly 20 percent of total 
United States domestic energy needs. This trans- 
lates to nearly 3 tons per person each year. At 
present rate of use, world coal supplies will last 
slightly more than 70 years. 

Fifty years ago when most coal mining was done 
manually, underground mines accounted for 96 
percent of coal produced each year, while surface 
mining accounted for only 4 percent. Today, surface 
mining has increased to nearly 60 percent. 

Before a company can surface mine, it must gather 
information about the site regarding growing 
conditions, climate, soil composition, vegetation, 
wildlife, etc. With this information, the company 
must post a bond for each acre of land il mines to 
ensure that it will be properly reclaimed. 



What you'll need: 

• Large, soft chocolate chip cookies, napkins, 
and paper clips — one of each for every 
student. 

• Butcher paper or large graph paper. 

• Optional: juice or milk. 




What to do: 

1. Give each student a cookie, a napkin, and a 
paper clip. They are not I j eat the cookies until the 
exercise is over. 

2. Ask students to suggest what the napkin, 
cookie, chocolate chips, and paper clip represent in 
the simulation. (Answers: napkin represents space, 
the universe; cookie, the earth; chocolate chips, coal; 
paper clip, mining machinery.) 

3. Suggest that students pick a role to play in the 
simulation. Tell them not to divulge their role at 
this time. Possible role choices include: 

The president of a coal company — emphasis on 
mining a maximum amount of coal as a 
primary responsibility. 

An extremely environmentally conscious person — 
emphasis on taking care of the earth and its 
resources as a primary responsibility. 

A middle-of-the-roader — person who tries to 
strike- an even balance between profits and 
environment. 
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Number of chips found before mining 



Student 
name 

Rosie 


»of 

chocolate chips 

16 


Larry 


19 


Joe 


13 


Cindy 


20 


Malcolm 


18 


Carmen 


16 


Louie 


16 


Siiawn 


19 


Susan 


18 


Billy 


19 


Cecile 


18 


Juan 


21 


Abby 


17 


JoAnne 


17 


Charlie 


20 


Total # chips 


267 


Avr/# Chips 
per student 


t8 



4. Instruct students to count how many visible 
chunks of coal are in their earth. Students may turn 
the cookie over to include any surface coal visible 
on the bottom. Record the average number of 
visible chips on butcher paper or graph. 

5. Instruct students to begin "mining" their coal 
deposits. Students will mine their coal deposits 
from the perspective of the role they chose earlier. 

6. Have students place their coal deposits in one 
pile and the earth's crust in another. Have students 
continue "mining" until most appear finished. 
When students finish, have them record the total 
number of pieces of coal mined on the butcher 
paper or graph. 



7. Quickly walk around the room asking students 
to guess the role of a particular student. (A cookie 
mined by a president of a coal company may 
appear to have most of the coal mined, with the 
earth appearing disturbed significantly. Another 
cookie may appear nearly untouched, with only one 
or two chocolate chips "mined." This causes 
minimal impact on the earth. This cookie may be 
mined by a student taking the role of an environ- 
mentalist.) Ask students to explain why they chose 
their particular role. 

8. Before students are allowed to eat their cookie, 
instruct them to put their "earth" back together. 
Encourage them to try, even if their cookie looks 
like a pile of crumbs. 

9. Discuss the following points with the class: 

• There are more coal deposits than could be 
seen on the surface. 

• "Mining" the deeper coal took more time and 
was more trouble than mining coal near the 
surface. (It takes energy to get energy.) 

• Coal deposits were unevenly distributed. 
Some students had more coal deposits than 
others. Why? 

• Once the earth is disturbed by mining, it is 
difficult to restore to its original state. 

• What can be said about the employment of 
people versus the effect on the earth of 
obtaining those resources? 

10. Allow students to eat their cookie. Provide juice 
or milk if desired. 
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School Energy Consumption 




S Lighting 28% 

■ Heating 25% 

□ Cooling 13% 

■ Hot Water 5% 
H Air Handling 1 5% 

□ other 14% 



ERIC 



Make a transparency of this pie chart. Before you project it, cover up words identifying energy uses. Ask 
students to guess what energy uses different slices in the pie chart represent, After students guess a school's 
energy use, uncover words illustrating actual consumption. Point out that lighting is a significant portion of a 
school's energy use. 
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1988 



Any School USA 
Monthly Consumption of Electricity 
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Ask students to interpret data on the line graph. Ask them to deduce why electricity use is less during 
summer months. 
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What's a Watt? 

Grades 3-8 

Subjects: science and math 
Concept: 

• I onservation reduces our energy 
[^^BJ demands. 

• The cost of electricity to run different electrical 
devices varies. 

Objectives: 

• Students will be able to determine how many 
watts an c'^^ctrical appliance uses by timing 
the dial of a watt-rate meter and by reading 
electrical consumption information printed on 
the appliance. 

• Students will be able to identify which 
appliances in their daily lives use more power 
and which appliances use less. 

• Students will be able to state ways they can 
save energy in their daily lives. 

Background: 

Electricity is brought to a house through a three- 
wire cable. An electric meter connected to the 
household circuit breaker or fuse box shows how 
much electricity is used. Two live wires bring 
electricity from the fuse box to power outlets (plug- 
ins), utility boxes (lighting), and wall switches. Each 
live wire is at a voltage of 120 volts relative to 
ground and 240 volts relative to each other. The 
third wire, or neutral, is brought to a grounding bar 
in the circuit breaker box, or attached to a cold 
water pipe as well as to all power outlets, utility 
boxes, and wall switches. Every appliance plugged 
into an outlet also has a ground connection. The 
appliance ground is connected to the metal or 
plastic case of the appliance. 

At each power and lighting outlet no current flows 
until a lamp or appliance is plugged in and 
switched on. However, there is always a voltage at 
that point whether current flows or not. It is like a 
water tap; the pressure is always there although 
there is no flow until it is turned on. 




You will find the .watt-rate meter a useful addition to 
your classroom energy equipment. Your local utility 
company may help you obtain a meter. 

Activity: 

This exercise uses a watt-rate meter to show stu- 
dents how energy is measured in our homes, and 
how different appliances use different amounts of 
energy. A watt-rate meter is a device that measures 
electrical consumption. 

What you'll need: 

Watt-rate meter, clock with second hand, various 
common appliances or devices with a wide range of 
levels of energy consumption. Examples include a 
100 watt incandescent bulb, compact fluorescent 
bulb, hair dryer, electric drill, overhead projector, 
radio, fan, hot plate, and portable electric heater. 

What to do: 

1. Time one revolution of the watt-rate meter dial 
using a lOOW bulb. This data should equal 120 
seconds for all watt-rate (electrical) meters. It can be 
used as a standard for students studying appli- 
ances. 

2. Help students understand that tlie faster the dial 
goes, the more power (watts) is being used. There- 
fore, /ifl//the time needed for 100 watts would equal 
200 watts and twice the time would equal 50 watts. 

3. Using the watt-rate meter, show students 
electrical consumption of many common electrical 
appliances and t- quipment in the classroom. Switch 
appliances several times (e.g., from hair dryer to ■ 
overhead projector) so students can see how speed 
of the dial changes. 
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4. Have students determine how many watts per 
hour different electrical appliances and equipment 
use. They can do this by timing revolutions of the 
dial and then calculating watts for that period of 
time. The 100-watt time is the starting point for 
calculations. Explain that all watt-rate meters, 
including the ones in their homes, measure watts at 
the same speed, 

5. Have students record their findings in a chart 
with three colump^ In the first column, write the 
name of the appliance. In the second column, 
record the number of seconds it takes for the dial to 
turn one time. Since they know that 100 watts takes 
2 minutes (120 seconds) for one revolution, they 
then can fill in the third column with the number of 
watts the appliance uses. Have them compare their 
findings with the chart below: 

One turn of the dial Watts 
in seconds 



7.5 


1600 


11.25 


1200 


13 


1000 


15 


800 


30 


400 


45 


300 


60 


200 


75 


175 


90 


150 


105 


125 


120 


100 


240 


50 



6. Point out the relationship between increased 
electrical consumption and the generation of heat. 
(A hair dryer is a good example.) 

7. Discuss watt, kilowatt, and kilowatt-hours. 

8. Show students that each appliance has electrical 
consumption information imprinted somewhere on 
the appliance. 

9. Calculate the cost of using the lights in a class- 
room for one year. 

Example: 

42 lamps per room X 34 watts each - 

42 X 34 = 1428 watts or 1.428 kilowatts (1 kilowatt 
100 watts) 



I. 428 kilowatts per hour X 6 hours = 

8.568 kWh (kilowatt-hours) X $0.03 per kilowatt 
hour - 

$0.26 per day per classroom 

SO. 26 X 175 days of school per year = $45 per year 
per classroom just for lights. 

(Note: The 3 cents per kWh rate is the rate customers pay 
for electricity in Eugene, Ore. in 1993. This rate needs to 
be modified for specific areas. In Rhode Island, for 
example, customers pay 26 cents per kWh. All conditions 
being the same, it would cost a typical classroom in 
Rhode Island $389.84 per year just for lights.) 

10. Discuss the two results conservation measures 
offer — using valuable resources wisely and saving 
money. 

II. Discuss ways students can conserve energy in 
their daily lives. Some facts about conservation that 
may be useful to use in discussion include: 

• Heat is measured in Btu (British thermal 
unit) — a common measuring unit of energy. 
One Btu is the amount of heat needed to raise 
1 pound of water 1 degree Fahrenheit. One 
Btu is approximately equal lo the amount of 
heat generated from one wooden kitchen 
match. 

• The ballasts that charge the gas inside 
fluorescent lights are much more energy 
efficient then they were 25 years ago. In fact, 
energy used by a ballast manufactured 25 
years ago would use about 15 minutes worth 
of electricity: In other words, many years ago 
it would be beneficial to leave the lights on in 
a room if you would return within 15 minutes. 
Many people still believe that leaving the 
lights on saves energy. Today's ballasts are so 
energy efficient, they require less than a 
second's worth of energy to ignite the gas 
inside a fluorescent tube. It does save energy 
to turn q/f the lights even if you're going to be 
gone for only a few seconds. 

12. A lot of energy is used to heat a school. Discuss 
some ways to help save energy on heating both at 
home and in school. 
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What's a Therm? 

Grades 5-8 

Subjects: science, math, and social studies 
Concept: 

bility to visualize the amount of 
energy represented by a therm: 
what it does, how much it 
typically costs, how it compares to 
other energy units. 

• What we know about long-term availability of 
natural gas and possible environmental 
consequences from its use. 

• Options for conserving natural gas. 
Background: 

Natural gas is a combustible gas found in nature in 
underground reservoirs of porous rocks, either 
alone or in association with crude oil. Most com- 
mercial natural gas in the United States is 
nonassociated gas — gas that is independent of crude 
oil deposits. 

Natural gas is measured in cubic feet. The largest 
constituent of natural gas (70 to 90 percent of the 
volume) is methane. Other components include 
ethane, propane, butanes, and some larger mol- 
ecules. 

On average, the heating value of commercial 
natural gas is 1,000 Btu/cubic foot. Heating value 
for a specific sample varies depending on the 
amount of gases having a higher heating value 
(such as ethane) and the amount of inert gases, 
which lower the heating value. Pipeline quality gas 
is required to have a minimum heating value of 900 
Btu/cu ft. 

In the United States before the 1870's, natural gas 
was considered largely a curiosity. In 1872, the first 
iron pipeline in the United States was built to carry 
natural gas 5-1 /2 miles for use in Titusville, Penn 
sylvania. By the 1920's, natural gas production 
reached 80 billion cubic feet a year. In the 1930's, 
pipelines carried natural gas from Texas to the 
Midwest, and the fuel became important for heating 
and cooking. 

By the 1960's, more than 500,000 different chemical 
compounds were being made horn natural gas and 
oil. These chemicals arc used in detergents, drugs, 
fertilizers, paints, plastics, synthetic rubber, nylon 
and rayon. 



In 1991, 21.58 trillion cubic feet of natural gas was 
used in the United States. Of this, 4 percent was 
used in transportation, 14 percent in commercial 
buildings, 14 percent by electric utilities, 24 percent 
in homes, and 44 percent in industry. 

Natural gas reserves in the United States and 
Canada were estimated in 1991 to be 338.7 trillion 
cubic feet. 

Improving efficiency: 

You can save energy if you get more benefit from 
each unit of fuel you use. For natural gas, you can 
improve efficiencies by reducing the amount of 
energy needed for a given benefit, by improving 
combustion efficiency, by increasing transfer of heat 
produced to the desired application, and by im- 
proving control so energy is used only when 
needed. 

Natural gas and global climate change: 

Methane and the carbon dioxide generated when 
natural gas is burned contribute to "greenhouse 
gases." Burning a therm of natural gas releases 
about 11.8 pounds of carbon dioxide into the 
atmosphere. 

Use of natural gas as an energy source in Oregon 
was estimated to contribute 4.8 million tons of 
carbon dioxide in 1988 (about 8.5 percent of all 
greenhouse gas emissions in Oregon in 1988). 
Without actions to reduce increases, this is expected 
to grow to 6.2 million tons by 2005 (about 12.8 
percent of the total in 2005). The actual increase is 
likely to be larger as these figures do not include the 
use of natural gas to produce electricity. Some 
Oregon utilities are turning io significant numbers 
of combustion turbines (which use natural gas to 
produce electricity) to meet electricity needs in the 
near term. 

Natural gas measurement: 

One cubic foot of commercial 

natural gas (on average) 1,000 Btu* 

One kilowatt-hour (kWh) 

of electricity 3,41 2 Btu 

One therm of natural gas 100,000 Btu 



*Br.itish tlwrmal unit 
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Questions: 

1. Natural gas bills typically are based on the 
number of therms used. Electricity use is based on 
the number of kilowatt-hours (kWh). How many 
cubic feet of natural gas are in a therm? How many 
kWh represent the same amount of energy as a 
therm of natural gas? 

2. How many cubic feet of natural gas would be 
burned to deliver the same amount of energy as in 
1 kWh of electricity? 

3. How much does your household pay for a kWh 
of electricity? If natural gas is available in your 



community, how much do people pay for a themi 
of natural gas? In terms of energy available, which 
is the better buy? 

4. If consumption of natural gas in the United 
States were to remain at 1991 levels, and assuming 
no imports or exports, how many years would it 
take before known North American gas supplies 
would be exhausted? 

5. A 100 watt light bulb left on for 24 hours uses 
energy equivalent to how many therms? 



6. Savings opportunity: 

Draw a line betiveen each action and the appropriat'- explanation as to why it saves energy. 



A. Home insulation 



B. Replace a pilot light with an electric ignition 



1. Allows proper airflow through the heat 
exchanger and back into the home. Without 
proper airflow, more heat goes up the chimney. 

2. Less heat is required if the heat that is 
produced at the furnace is delivered where it is 
needed in the home. In traditional forced-air 
furnaces typically 25 to 30 percent of heat is lost 
in ducts between the furnace and the room where 
heat is wanted. 



C. Clean furnace filters 



D. Sealed and insulated ducts 



E. Anticipatory controls 



3. Reduces the requirements for space heating 
and cooling. 

4. Uses less energy by using energy only when 
it is actually needed. 

5. As rooms get close to the desired tempera- 
ture the flame stops and final heating is provided 
by the residual heat in the furnace. This helps 
minimize the amount of heat lost up the chimney. 
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Meter Reading 

Grades 5-8 

Subjects: science and math 

etermine how much energy (electricity 
and/or natural gas) each family uses in ' 
one week by reading their power 
meters. You do this by reading the 
electric and/or gas meter every day at the same 
time each day. 

Prepare by going over instructions in "How to Read 
Your Electric and Gas Meter" (p. 24). 

Give each person a copy of the "Meter Reading 
Worksheet" (p. 25). Go over it together. 

(Note: Some electric and gas meters may Imve five faces 
instead of four.) 

Each participant then reads their electric and/ or gas 
meter every day for one week and records the 
reading on the "Meter Reading Record" (p. 26). 
They should be sure to read it at the same time each 
day. 

At the end of one week have each participant 
calculate how much energy (natural gas and/ or 
electricity) their family used. To determine the 
amount, subtract the first reading from the last, and 
convert to common units such as Btu. Have the 
students share and discuss their results. 

Possible discussion topics: 

• Why do the amounts differ from household to 
household? 

• How might weather affect energy 
consumption? 

• How might the number of people in the 
family influence energy consumption? 

• How might the size, age, insulation/ 
weatherization, etc. of homes influence energy 
consumption? 

• What were some ways your family used 
electricity and/or natural gas during the 
week? 



Make a line graph of each household's daily energy 
use. Possible discussion topics: 

• Does the energy use differ from day to day? If 
so, why? 

• Which day did your family use the most 
energy? Why? 

Suggest ways to conserve energy. 
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HOW TO TtJ&AJ) TOUR ELECTBIG 
AND GAB METER 



Name: 



Date: 



How To Read Your Electric Meter 

Tlie dials are like watch faces lined In a row 16,064. The reading for a four diameter 
(eveiy other dial moves corunterclockwlse). wo\ild te 8,064. 
The reading fov a five dial meter woxild be 



6 DIAL METER - 




>^V^_5_^ 'N^s^.S^^ \^v-_i_-<^ "^""^ 5. 

WRITE 1 WRITE 6 WHITE 0 WRITE 6 WBITE 4 



Notice that when the pointer Is between two numbers, you should record the lower of the 
two numbers. 



YThen the pointer seema to be dire<it]y on a 
number, look at the dial to the right, if the 
pointer on the right side dial has passed "0," 
then write down the nimiber the pointer 



seema to be on; if the pointer on the right 
side dial has not passed "0." then write 
down the previous lower number on the dial 
you are recording. 



How To Read Tour Gas Meter 




Take the number the first 
pointer has Jxist passed. . . 



And the number the third 
pointer has Just passed. . . 



6 



And the number the second 
pointer has just passed. . . 



And the number the second 
pointer has Just passed. . . 



Add two zeros 454600 

This Is the meter reading ( In cubic feet of gas) . 



From National Energy Foundation, 1986, Energy 6: Multidisciplinary activities for the classroom developed by 
the National Energy Foundation especially for teachers. Ust'rf u'ith pcrmiffion. 
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"METER BEASnra WOBKSHEET" 

Name: : Date: _ 



Read the following meters and record yoxir ansvsrers In the space below each. 




Electric Meters Gas Msters 
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METER BEiU>ING BECOBD 



Name: 

ARE YOTJ aAVTNG BNBHGY? A good way to 
And o\it Is to keep a record of the electricity 
or natural gas you use iDefore and after 
beginning your conservation effort. The 
chart below wDl help you record your 
progress. 1. Draw the positions of the 



Date: 

hands of the meter on the dlaJs each day at 
the same time. 2. Write the number in the 
space below each dial and on the line at the 
right. 3. Subtract the resuUngs on day one 
from day two. Repeat each day for seven 
days. 



□ Electric Meter □ Natural Gas Meter 



DAY 1 




DAY 2 




DAY 3 




DAY 4 



DAY 6 



DAY 6 



DAY 7 







Meter Beedias Day 1 



Reading Day 2 
Reading Day 1 
Energy uaad _ 



Reading Day 3 
Reading Day 2 
Energy used _ 



Reading Day 4 
Reading Day 3 
Energy used _ 



Reading Day 3 
Reading Day 4 
Energy losed _ 



Reading Day 6 
Reading Day 5 
Energy used _ 



Reading Day 7 
Reading Day 6 
Energy \i80d _ 
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Name _ 
Class _ 
School 
Date 



Energy Smarts Team Post-test 



1. It pays to turn off the lights in a room as soon as 
it is empty for more than 

a) 20 minutes. 

b) 15 minutes. 

c) 5 minutes. 

d) 1 second. 

2. One way to save energy on lighting is 

a) tc use incandescent bulbs whenever possible. 

b) to use sunlight when possible. 

c) to use light bulbs with more watts. 

d) to keep the window shades closed. 

3. A fluorescent light bulb is the most common 
type used in schools. When it is on, it 

a) is warm to the touch and looks like this: 

b) is warm to the touch and looks like this: 

^ ^ ^ 

c) is hot to the touch and looks like this: 

d) is hot to the touch and looks like this: 

H 1 - 

4. Which light bulb uses the most electricity? 

a) a 100 watt incandescent. 

b) a 100 watt fluorescent. 

c) Thev both use the same. 



5. Of all the things that schools do, most energy is 
used for 

a) heating. 

b) cooling. 

c) lighting. 

d) hot water. 

6. Which of the following is an energy waster? 

a) a closed door when the heat is turned on. 

b) a water faucet that doesn't leak. 

c) a dark, empty room. 

d) an empty room with a radio on. 

7. If someone asked you which was heavier, a 40 
pound monkey or a 2 kilogram tomato, you might 
have to convert them both to the same units before 
answering. It works the same way with energy. The 
electricity that lights a bulb, the oil that bums in a 
furnace, and even the heat your body gives off can 
all be converted to Btu. A Btu is about the amount 
of heat energy in 

a) one wooden kitchen match. 

b) one firecracker. 

c) one average fireplace log. 

d) one gallon of gasoline. 

8. Use of electricity is measured in 

a) therms. 

b) kilowatt hours. 

c) gallons. 

d) pounds. 
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Any School USA 






Monthly Contumption of Eloctrlcity 
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9. This graph shows how muc±i electricity was 
used at Any School USA during a 5 year period. In 
which month did Any School USA use the least 
electricity? 

a) January 1989. 

b) July 1992. 

c) March 1990. 

d) January 1992. 

10. There are many things that people can do to 
save energy in schools. Besides turning out lights 
when leaving the room, give three other energy 
saving tips. 

a) 

b) 

c) 
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Energy Smarts Team Procedures for Students 

Pick up your I.D., clipboard, and log 
sheet from your teacher or other desig- 
nated person. Energy Smarts Team 
members should always carry their I.D. 
while on duty. 

2. Do not bring your friends along or allow other 
students to enter the classrooms. Only qualified 
Energy Smarts Teams may monitor electrical use at 
your school. 

3. Inspect your assigned area and record informa- 
tion neatly and in the appropriate place on the log. 

4. Work quietly, quickly, and politely in rooms in 
which people are working. 

Return I.D., clipboard, and log sheet to their 
proper places, and check back in with your teacher 
or other designated person. 

6. At tlie end of each month, tally results from log 
sheet and give a progress report to each classroom. 
Certificates are great for classes that do an excellent job! 





2. 
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Energy Smarts Team Member Agreement 



I have read the Energy Smarts Team procedures, and I understand them. I agree to assume all respon- 
sibUities of the Energy Smarts Team of my school. I will follow all Energy Smarts Team procedures and 
will do the best job possible. 



Name 



Date 



Grade level 



Teacher name 



Room number 
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Examples of Reminder Tickets and Certificates 



T^he ]fJi2ar(L Was 





Oops — 
Lights On 



The V/hari was 
watcliinj, too bad 





Thanks — 
Lights Off 
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Perfect Energy User Certificate 



Congratulations 

on one week of 
perfect Watt Watching! 

from the Energy Smarts Team 



Energy Smarts Team on Duty 




Think Energy ' 
Conservation! 
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A Few Last Words to Teachers 



2. Check in with team members fre- 
quently. Ask them to help each other. 

3. Celebrate initial successes. Showing them you 
care makes it aU worthwhile. Throw a party! Or 
give small tokens in appreciation of a job well done. 

4. Have fun! 




Help team members get started. Accom- 
pany them on their first few rounds 
monitoring the school. 
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Top Ten Tips to Try to Tame Terrible Temperature Thieves 




1. Keep doors closed. 

Twenty-five percent of electricity used by schools is 
used by the heating system. Heating and cooling 
systems are designed to heat and cool the buildings 
efficiently. The system has to work hard to heat 
additional air because warm air is leaving through 
an open door. Doors that open out into a hall allow 
warm air to heat the halls, creating further demand 
for heat in the rooms. Doors that open to the 
outside heat up the outdoors. It would take a heck 
of a heating system to heat up the entire outdoors. 

If you are too warm, tell your custodian or call your 
building's heating person. Of course the reverse is 



true during the cooling season. Trying to cool off 
the room by opening the door doesn't work and 
wastes energy. If your building is unbearably warm 
or cool, please let appropriate people know. 

2. Keep windows closed. 

The same explanation applies to windows. Win- 
dows are often near univents in buildings. When 
the heating system is running in the morning, and 
hot bodies arrive, some rooms get too warm. 
Opening the windows allows warm air coming out 
of the univents to leave on the Airgone Express. The 
thermostat will turn on the heat in the room and 
more warm air will be called for by the system. That 
warm air will, of course, flow right out the window. 
Again, let the appropriate person know your needs. 




when rte€.<le4» 



3. Turn off lights and other equipment 
when not needed. 

Twenty-eight percent of electricity used by schools 
is used by lights. In 1959 when the Dodgers played 
the White Sox in the World Series, ballasts were 
relatively inefficient. Ballasts are gismos that ignite 
gas inside fluorescent lights. Ballasts of that era 
used a lot of energy to ignite fluorescent lights. In 
fact, the energy used by a ballast manufactured 25 
years ago would use about 15 minutes worth of 
electricity. In other words, many years ago it would 
have bee;i good to leave the lights on in a room if 
you '"cald return within 15 minutes. Many people 
still believe that leaving lights on saves energy. 
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But today's ballasts are so energy efficient they 
need less than a second's worth of energy to ignite 
the gas inside the fluorescent tube. It saves energy 
to turn oj5^ the lights even if you're going to be gone 
for only a few seconds. 





It's like being in the Twilight Heat Zone — that place 
in space where a heating system knows it's doing 
its job of putting out heat but is never able to reach 
the optimum temperature. 



4. Keep thermostats unobstructed. 

Thermostats are only as intelligent as we let tl\em 
be. New technology has yet to produce a thermostat 
capable of reading minds. One high school coach 
wanted his locker room very warm. He placed a 
plastic bag full of ice on top of the thermostat. The 
thermostat tried to do its job by continually sending 
more heat to the locker room. The locker room was 
nice and toasty, but energy use skyrocketed. 

If you have a coffee pot or other heating device near 
the thermostat, it will be fooled into thinking that 
the room is warm enough and will not send for 
heat. You can see how the saying "It's not nice to 
trick Mother Thermostat" originated. 

5. Keep vents clear. 

Posters, filing cabinets, boxes, coats, and other 
objects blocking the vents prevent heating and 
cooling systems from operating efficiently. If the 
thermostat is calling for heat and the heat can never 
reach the thermostat because it's obstructed, the 
heat will continue trying to pour out of the vent and 
will continue doing so forever without much 
success. 




6. Dress appropriately. 

Wearing clothing appropriate for the weather will 
make us all comfortable without the need for 
extreme heating and cooling. Summer clothing in 
late fall might cause some to feel cold. Warm 
clothing will help prevent the chill that creeps in 
from November through March. So put away those 
summer clothes until Juno. Put on a sweater in- 
stead. 
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7. Place thennometer near thermostat. 

Thermostats are often not accurate. Many thermo- 
stats read 3 to 5 degrees off the actual temperature. 
If you look at the thermostat before you decide 
whether you are too hot or cold, you might be 
influenced by what you think the temperature is. 
Get a thermometer for your room and place it near 
the thermostat. See if your thermostat is accurate. 
The thermostat should be set to keep the tempera- 
ture between 68 and 70 degrees. If your thermostat 
reads 68 and the temperature is really 73 degrees, 
your room will be too warm. 

Conversely, if the thermostat reads 68 and the room 
temperature is really 63, your room may feel too 
cold. In other words, don't believe everything a 
thermostat says — ask for a second opinion. After 
all, thermostats never go on to receive an advanced 
degree. 




#0^i»httm room OltW)*jft»»««lv 



8. Arrange room for optimum comfort. 

If you are always too warm and your desk is near 
the univent, move to a cooler spot in the room. If 
you're always cold, move away from tlie windows. 
Even if windows are not open, on a cold day the 
temperature near them will be cooler than any- 
where else. Unfortunately, air movement is not an 
exact science yet. The center of a room is the most 
comfortable. If possible, arrange the room consider- 
ing these factors. 
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sun. ^int. ln» fV< 



9. Let the sun shine in. 

Use the sun's heat and light whenever possible. 
You'll save energy by using fewer lights on a bright, 
sunny day. You'll also allow some heat in if the sun 
shines directly into your room. If it's terribly cold 
outside — below freezing — heat gain probably will 
not compensate for heat loss through the windows. 




10. Call your heating person if you're not 
comfortable. 

No one should be uncomfortable at their workplace. 
Your heating person is willing to do whatever it 
takes to make you comfortable. The problem may 
be as simple as adjusting the thermostat to make 
sure the temperature it registers is accurate. Rather 
than opening and closing doors and windows to 
make your area comfortable, let an expert see if 
something else can be done to make you comfort- 
able. After all, energy is a terrible thing to waste! 
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The Importance Of Energy 



Introduction 



Stated simply, energy Is the ability to do 
wcrfc or produce change. Like many 
other normally-occurring facets of our 
lives, we tend to take energy for granted. 
But its importance should not be 
overlooked, because nothing happens 
without enero^. 

For example, the act of reading this 
page requires a complex energy chain. 
The light which illuminates the words is 
energy. Energy was necessaiy to run the 
machine that printed the page. The ink 
and paper were produced by energy. It 
even takes energy to turn these words 
Into meanings In the human mind. 
While energy is responsible for making 
ordinary events such as these possibk:. 
I*j true value Is far greater and more 
basfc. In many ways, we depend on 
ener^ for our very exlsterKt 
Without energy. It wouM be Impossible 
to produce the food we eat, process and 
package it deliver it to stores and, for 
that matter, consume and digest It. 

Similarly, energy is essential to produce 
warmth, shelter, clothing and other 
necessities of IWe. To perfonn its Impor- 
tant work, energy may appear In any of 
several forms. 



What are the 
forma of energy? 



Energy is all around us, al of the time. It 
may, however, be known by different 
names, depending on Its source. Light, 
wheiher K comes from the sun or from 
a llghl^ub. Is radiant energy. Qravita- 
tlonal «ni;'<y is the force whicf. hoWs 
objects to th^ earth. Food and fuel 



contain stored chemical energy, while 
objects whkh are hot contain thamal 
energy. A ntachine with moving parts Is 
sakl to have mechsnkal energy. 
Charged objects are fQled with electrical 
ener^. And radioactive objects contain 
nuclear tnttg/. 

Another Important concept of energy Is 
that it may change fomis. Imagine, for 
instance, that you have a ttatteiy- 
powered robot that sweeps the floor. 
When you switch it on. it starts to 
sweep. What happened Is that the 
chemkal ener^ in the battery produced 
electrical energy In wires, whkh was 
converted to mechanical energy in the 
moving parts of the roboL 



What are the 
•oorces of energy? 



Sunlight, fuel of all types, wind and 
water arc among the Kst of usabte 
energy sources. 

While energy Is present in many sour- 
ces, it may not be working all of the 
lime. Energy in motion is called kinetk 
energy. Whenever you see something 
moving or happening, you know that 
kinetic energy is the force involved. 
Water flowing over a dam, a person 
running, a machine in operation are all 
examples of kinetk ener^'. 

Energy that Is not In motion, but could 
be. Is known as potential energy. For 
example, a piece of firewood contains 
stored, or potential, energy that is ready 
to be used. 

Without plentiful usable energy sources, 
life as we know It wouM grind to a halt 



Is energy hnportant? 



Throughout history, the Importance of 
ener^ has become abundantly dear to 
devek>ping cIvBlzattons. What it comes 
down to Is this: a nation that has many 
sources of energy >s usually highly 
productive and successfuL A nation that 
cant meet Its energy needs has a hard 
time survwing. 

That's why energy conservation and the 
discovery of new ways to use energy will 
continue to be major Issues of our time. 
The work! is onty as safe and secure as 
its energy supply, 

(Adapted from Energy Readings, part 
of the New York Energy Education 
Project with permission of the New 
York Power Pool.) 



Notea: 



From National Energy Foundation, 1992, Teach With Energy!: Fundamental Energy, Electricity and Science 
Les.sons for Grades 4-6. Used loith permission. 
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Coal 




How is co«I formed? 



Coal is classified by geologists as a 
mineral. But most minerals, like salt or 
iron ore, were formed by Inorgank 
matter. Coal, on the other hand, came 
from organic matter— plants, that Ihr-I 
about 300 mlllon years ago. 

During the Pennsyhanlan Period In 
earth's history, the earth was covered 
wth huge swampy forests of giant fems. 
reeds and mosses, which grew taller 
than our tallest trees today. As these 
plants died and fell into the swamp 
water, new plants grew to take their 
place: and when thesr plants died, stSI 
others grew. In time, there was a thick 
layer of dead, decaying plants in the 
water. 

The surface of the e^irth also changed 
and dirt washed hto the water covering 
the dead plants, preventing them from 
complete^ decomposing. More plants 
grew but they too died and fell into the 
water, forming a separate layer of dead 
decaying plants, wtiich over time was 
also covered by sediments, preventing 
complete decomposition. Alter millbns 
of years many layers had formed, one 
on top' of the other. 
The weight of the overlying layers 
compressed the lower layers of plant 
matter forming peat. Heat and pressure, 
caused by the overlying sediments, 
produced chemfcal changes in the peat, 
forcing out oxygen »r>d hydrogen leaving 
behind rich carbon deposits— coal. 

Geologists estimate that a layer of 
plants 20 feet thkk may have been 



required to form a coal seam one foot 
thick. Coal seams vary in thickness, 
ranging from only a few Inches thick to 
rT»re than 100 feet In thickness. 



Where is coal located in 
the United SUtas? 

Coal represents the United States' most 
abundant energy source. The U.S. Geo- 
logical Survey has identified 1.7 trillon 
tons of coal resources in the United 
States. If yet undiscovered, but likely 
deposits are added, potential reserves 
may be as high as 4 billton tons. The 
World Energy Conference estimated that 
the coal reserve of the United States 
accounts for two-thirds of the free 
«w>r1d's total and near^ 28 percent of 
the total world recoverable coaL By 
comparison. Saudi Arabia has about 23 
percent of the world's proven petroleum 
resenes. 

The Unked States has about 490 billon 
short tons of demonstrated reserves, 
which by definttlon are potential^ mine- 
able on an economk: t>asis with existing 
technology. At current domestic con- 
sumptbn levels, this is enough coal to 
last 300 years, 

Measurabk! quantities of coal are found 
in 36 states, and In 3 1 states the coal 
is consUcred mineable. At present, coal 
mining occurs in 26 states. Including 
areas of Appalachla. the Mklwest, the 
Central and Morthwestem Plains states, 
the Rocky Mountains and the Padflc 
northwest. 



How Is coal mined? 



As was the case 50 years ago, most 
coal is produced from two rralor types 
of mines— underground and surface. 
But ihe methods for recovering coal 
from tfie earth hove undergone drastic 
changes in the past 25 years, as a 
consequence of technological advances. 

Fifty years ago when most coal mining 
was done manually, underground mines 
accounted for 96 percent of the coal 
produced each year. Today, almost 60 
percent is produced from surface mines. 
Most underground mines In the United 
States are ktcated east of the Missis- 
sippi Rhrer, although there are some in 
the West, particular^ in Utah and 
Colorado, 

More than two-thirds of the coal pro- 
duced underground is extracted by 
continuous mining machines in the room- 
and-plar method. The continuous min- 
ing machine contains tungsten bits on a 
revolving cylinder. The continuous miner 
breaks the coal from the face and then 
conveys It to a waiting shuttle car whkh 
transports it to the conveyor belt to be 
moved to the surface. No blasting is 
needed. After advancing a specified 
distance, the continuous miner Is 
backed out and roof t>olts are put In 
place. The process is repeated until the 
coal seam is mined. 

Another method, called ksngwal mkilng. 
accounts for about 20 percent or 
productiorL This method involves pulling 
a cutting machine across a 400 to 600 
foot long face (longwall) of the coal 
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ROOM AND PILLSR METHOD 



COAL CRUSHER 



COAL PREPAIViTKDM PLArfT 

COAL STOCKPILE 




^[^^ HYDRAULIC JACKS 



SHEARER 



CHAIN 

"conveyor" 



SURFACE MINE 




seam. This machine has a revolving 
cylinder with tungsten bits that shear off 
the coal. The coal falls into a conveyor 
system «»hlch carries It out of the mine. 
The roof Is supported by large steel 
supports, attached to the (ongwall 
machine. As the machkie moves for- 
ward, the roof supports are advanced 
The roof behind the supports is allowed 
to fan Ntai^ 80 percent of the coal can 
be removed using this method. The 
remaining 1 1 percent of underground 
production is produced by conventional 
mining whkh uses explosives to break 
up the coal for removal 

Half of the mineable surface coal in the 
United States Is located in the West but 
significant amounts arc also present in 
Appatachia and midwestem states. Sur- 
face mining Is used when the coal seam 
Is located relatively close to the surface, 
making underground mining ImpracticaL 

Before a company can surface mine, it 
must gather information about the site 
regarding growing conditions, climate, 
sol compositksn. vegetation, wfldiife, 
etc With this Informatnn. the company 
then applies to the federal govemment 
for a pamit to mine. The company 
must post a bond for each acre of land 
K mines to assure that It will t>e properly 
reclaimed. 

Most surface mines follow the same 
basic steps to produce coal. First, 
bulldozers clear and level the mining 
area. The topsoii is removed and stored 
for later use in the reclamation process. 
Many small ho>es are driled through the 
overburden (dkt and rock above the coal 
seam) to the coal seam. Each is toaded 
with explosives whkh are dbcharged. 
shattering the rock in the oveiturden. 
Olant power shovels or draglines clear 
away the overburden unti the coal Is 
exposed. Smaller shoveis then scoop up 
the coal and load it onto trucks, which 
carry the coal to the preparation plant. 

Once the coal is removed, the land b 
regraded to the desired contour and the 
topsoii Is replaced. Natwe ve^etatton 
and/or trees are planted. Coal compan- 
ies operating surface mines nnust 
comply with strict requirements and 
regulations of the Federal Surface Min- 
ing Control and Reclacnatlon Act. A 
crucial part of the surfice mkiing pro- 
cess is restoring a mined site to 
acceptable ecotogical conditions, which 
means it nwst be made a* produ '.ive 
as It was prior to mining. There are 
farms, pariu. wiUemess and recreatnn 
areas on what were once surface mines. 

The ma(or ttlgma with the coal Industry 
today b the abandoned or "orphan" 
mines of the earty coal mining years. 
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These orphan mines are systematically 
being reclaimed under the Surface Min- 
ing Act. The Surface Mining Act taxes 
coal producers at the rate of 35 cents s 
ton for surface mined coaU 1 0 cents a 
ton for lignke mined coal, ar>d 15 cents 
a ton for underground mined coaL The 
tax Is paid to the government and Is 
used to reclaim the orphaned mines. 



How is coal used? 



Coal has four major markets: electric 
utilities, industrial/ retail users, the steel 
industry and exports. 

Electric utilities use more than 86 
percent of the coal produced In the 
United States. CIpon close examination, 
it is clear that price has been a ma]or 
deciding factor in coaPs Increased use. 
More than 57 percent of the electrldty 
generated in the United States comes 
from coal. 

In an electric power plant, coal, like oil 
and natural gas. Is burned to produce 
heat. The heat is used to change water 
into steam. The steam then tums the 
blades of a turfelne, spinning the genera- 
tor, producing electricity. Before the coal 
is burned it is cmshed and pulverized to 
the consistency of face powder. 
CoaTs second largest market fai Indus- 
trial and retail users. Among the Indus- 
trfes using coal, the largest consumers 
are chemical manufacturers, users of 
."Stone, clay and glass, paper mills, 
primary metal industries and the food 
Industry. Industry uses coal as a chemi- 
cal feedstock to make (^es. insecti- 
cides, fertiliers. explosives, synthetic 
fibers, food preservatives, ammonia, syn- 
thetic rubber, fingernail polish, medi- 
cines, etc. 

The third largest market Is the iron and 
steel kidustiy, where coal Is used to 
make coke. Coke Is derived from 
bituminous coal through heating in 
airtight ovens. The tack of air prevents 
the coal fitim bumliig and converts 
some of the solldi to gaies , leaving 
coke. 

The fourth segment to market Is 
exports. The top five foreign markets 
are Canada. Japan. Itaiy. Netherlands 
and BnuB. U.S. coal distributed to 
foreign countries In 1988 totaled 95 
milon short tons (76 mIKoo to over- 
seas destinations and 19 mlltton to 
Canada). M^or reasons for the dedinc 



in United States' coal exports from the 
all-time high of 1 1 2.5 mllion tons In 
1 9B1 are stiff competition In the Interna- 
tktnal martcetplace and worldwide eco- 
nomic conditions. 



How do«s baralng coal 
affect the environment? 

Coal Is a chemical^ complex fueL 
Whenever It Is bumed. gases are given 
off and particles of ash. called "fly ash." 
are released. The sulfur In coal com- 
bines with oxygen to form sulfur dioxide, 
which can be a major source of air 
pollutton If emitted In large enough 
quantldes. 

Today, many of the effects of coal 
bumlng have been reduced significantly 
or eliminated. Tlvee basic methods are 
used to reduce the quantity of pollutants 
resulting from coal combustbn. 

The first, a pre-combustion method for 
removing contaminants from coal. Is 
coal cleaning or "coal beneficatton." In 
coal cleaning the coal Is crushed and 
saeened from Impurities. Further pro- 
cessing utilizes the different gravities of 
coal and Impurities to separate them In 
a liquid medium. Coal cleaning can 
remove the pyrltlc sulfur, whkh can 
reduce sulfur content by as rt«jch as 30 
percent. 

The second, a post-comtxjsUon method, 
uses flue gas desuHUitzatlon systems, 
commonly called scmbbers. According 
to the Electric Power Research Institute. 
8cmbl>er» can remove more than 90 
percent of the suBiir dioxkle emissions 
ftom coal combustion. The flue gas is 
sprayed with a skirry made up of water 
and an alkaline agent— usually lime or 
limestone. The sulfur dioxide reacts 
chemically, fomiing cakjum sulfate or 
calcium suMlte. This li removed and 
disposed of as a wet sludge. There are 
ain-enty 1 34 scmbbers operated by the 
dectrfc utSUy Industry In the United 
State*. 

The final method for reducing or elmf 
natlng pollution from coal combustbn Is 
the use of electrostatk: precipitators or 
baghouses which are used to remove fly 
ash. In electrostatk: precipitators the 
partkulate matter Is given an electrical 
charge. The charge attracts It to a 
cofcctor plate, where the paitkles are 
collected, preventing their discharge Into 
the atmosphere. In a baghousc. the 
particulBte matter Is fMercd out as H 
passes through a series of titers, similar 
to a household vacjum cleaner. 



The two major environmental concerns 
today dealing with the use of coai are: 
Increases In atmospheri« cartwn dioxkle 
levels and acid rain. A^ch remains to be 
learned about the rebtkmshlp between 
fossB fuels (ooal ol, natural gas) and 
the environment It Is believed that 
combuaiion has paitt^ contributed to 
tlie Increase ki atmospheric carbon 
dioxide levels. Increased atmospheric 
cartxm dk>xide levels nuy result In 
warmer dlmates due to the "greenhouse 
effect." The Inoease In atrrwspheric 
cartx>n dioxide prevents heat from 
escaping from the earth, thus warming ' 
the atmosphere. 

The combustion of coal also appears to 
contribute to acM raki, although precise 
measures of the scope and seriousn-^sof 
ackl rain are not clear or wet understood. 
What is dear Is that further study of the 
phenomenon Is necessary. 

There is an Interesting riddle to the acki 
rain phenomenon, and that Is that acid rain 
damage has occurred during periods when 
sulfur dioxide discharges have declined or 
remained stable (sulfur dkixide Is consi- 
dered to be the principal cause of acid 
rain). 



Notes: 
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What is oU? 



OD is naturally occurring and Is often 
referred to as petroleum. Crude oil or 
crude Is unrefined oil or petroleum. 
Oi is a mixture of hydrogen and caitxtn 
compounds referred to as hydrocartxjns. 
".tiousands of different hydrocarbons 
make up crude oil. The simplest or 
basic hydrocarbon unit (molecule) is 
methane or natural gas (CH<). Hydrocar- 
bons occur as liquids, gases or as 
solids like gllsonite. The longer hydro- 
carbon chains are more likely to be 
iquids. 

It Is thought that petroleum originated 
from tiny marine plants and animals 
(biotic material) that Inhabited the earth 
in prehistoric times. Through time, the 
tiny marine plants and animals were 
buried by ocean sarxJ and slit. Over 
time, the pressure and heat transformed 
the blotic material Into petroleum. 

As the blotic material changed from a 
solid to a gas or a Uquld, it began to 
migrate, being propelled by water or 
caplllaiy ectk>n through the porous 
marine sediments. In some Instances, 
the petroleum migrated to the earth's 
surface. Petroleum migrates upward 
intll It Is trapped by a non-porous rock 
structure called a cap. This specific 
geologk: formation Is refenred to as a 
"trap." It Is these subterranean traps 
that are sought by the oJI industry. 
Petroleum,then,ls associated with por- 
ous sedimentary rock layers and fossil- 
ized marine life. 



How !• cru<S« oU refined? 

At a refinery, crude oil Is distilled or 
separated into its components or frac- 
tions. Dbtlllation Involves boiling the 
petroleum, drawing off the vapors, and 
then condensing the vapor», The differ- 
ent hydrocarbon compounds that make 
up petroieum vaporbe at different 
temperatures; thus when they are 
condensed, they separate out Into dlffer- 
mt fractions. Fractions represent the 
diverse range of products that can be 
obtained from petroleum. 



How Is oU located ? 



One of the most accurate exptoration 
methods Is seismic technology. In seis- 
mic technology, sound waves, created 
by expk>s)ves detonated either on the 
earth's surface or underground, are sent 
into the earth and are reflected back by 
the rxxk layers. The reflected sound 
waves are recorded by seismographs. 
Seismographs are similar to instru- 
ments used to measure earthquakes. 
The reflected sound waves are receVed 
by geophones, which transmit the 
sound waves to a seismograph located 
in a truck. The particular rate at which 
the sound waves are reflected create a 
picture of the underground geology and 
possible locatk>n of oU traps. 

Even after the seismk picture te assimi- 
lated and analyzed by geophyskists. 
there Is no guarantee of discovering oil 
At best, the seismic picture can provide 
only a guess to what lies beneath us. 

Occasionally, oil companies drill for oi 
in areas where oil or natural gas has not 
been discovered, Wells drilled in this 
fashion are known as "wiWcat" wells. 



What processes are 

tnvohred hi oil drilUng? 



Before exploration can begin, energy 
companies need to obtain pcmiits and 
drilling rights from landowners. Leases 
might be purchased, or a devetopment 
agreement reached, with the landowner 
often receiving royalties If oil Is 
discovered. 

Before drilling equipment can be 
brought on site, preparatory work is 
required, such as road buldlng, land 
clearing or housing development for 
workers'. 

In 1859, Edwin Drake, a retired railroad 
engineer, tried to drill for olL He used a 
rig that punched or pounded a hole 
69 'A feet deep. The pounding pulverized 
the rock and sol, which was removed by 
Hushing the hole with water. Today's 
primary form of drilling Is rotary drilling. 
Drill t>its are used to grind or bore 
through the rock. As the drW bit Is 
towered Into the earth, pipe stems are 



added to the top, Dr1!3ng usually nins 
24 hours per day until the we8 is 
completed. The average well today runs 
a mile deep. On the Overthrust Belt 
(Utah and Wyoming), it Is common to 
And weHs drilled between 8,000 and 
1 5.000 feet deep because of the folded 
and faulted rock layers. 

An Important part of the drilling process 
Is the "mud," a njlxture of water, day, 
and chemical addit'rves which is pumped 
into the well during drilling. This con- 
stantly circulating liquid cools the drill 
bit and carries debris out of the well. It 
also prevents the d.iBed area from 
collapsing around the drill pipe and 
sen/es to control the natural pressures 
wKhIn the well 

Most onshore rigs are portable and 
Include tall denicks that handle the 
tools and equipment that descend into 
the well Offshore drilling may be done 
from bottom-based platforms, drill 
ships, or submersible platforms. Each is 
self-contained with Its own set of equip- 
ment. Workers and suppliers are ferried 
by t>oat or helcopter to the rig. 



Gushers — what 
caused them? 



After petroleum is discovered, the under- 
ground pressure forces it to the suriace. 
The days of the 'gushers." when oil 
would explode to the surface, are gone. 
Each well contains blowout preventers 
which automatkally shut off the flow of 
gas or oil shouW well pressure change, 
preventing gushers, protecting the envi- 
ronment, and preserving the predous 
fuel. 



How Is oU 

transported to ntarkct? 



Threefourths of the domestic crude oil 
and a third of the refined products in the 
(J,S. are transported by pipeline. Over 
1.2 mlKon miles of pipeline connect 
productkw sites with refineries and the 
petroleum market. 

Crude from the Overthrust Belt (Utah 
and Wyoming) Is transported by pipeline 
to reftnerics serving the Midwest and 
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Western maikets. Other major pipelines 
run tjetween Texas and the Northeast- 
em UJS. 

Probably the most famous pipeline is 
the trans Alaska pipeline, which carries 
crude from the north slope of Alaska, to 
Valdez in Southem Alaska. The trans 
Alaska pipeline transports 1,9 millren 
ban-els per day, 25 percent of the 
nation's oiL 

Much of the foreign crude used In the 
United States Is brought to American 
ports by tankers. These "super tankers- 
are over a thousand feet long and have 
a capacity to transport more than two 
mHHon larrels of cmde. 
On a regkmal basis, semKank trucks 
and railroad cars haul petroleum pro- 
ducts to consumers or industries that 
devek>p and manufacture petroleum- 
related products. 



Where do we obtain oD? 



Oil discoveries In the U.S. since the ol 
embargo in 1973 are numerous. They 
include the Overthmst Belt of Utah and 
Wyoming, the Louisiana Trench and its 
subsequent devetopment Into the Qulf 
of Mexko; and tMds off the Texas and 
Califomia coasts, as well as new fWds In 
Arctic Alaska. 

Oil or natural gas Is produced In 33 of the 
50 sUte*, wkh Texas stll the leader In 
productioo. Other top producing states 
indude Alaska. Loulsiani, and Caifomia. 



The largest producers of ctxide oil and nat- 
ural gas liquids in 1987 were theU.S.S.R., 
the United States, and Saudi Arabia. 



How is oQ used? 



on has become an Integral part of our 
society. Much of our high standard of 
Irving can be traced to the use of 
petroleum. 

At the tum of the century, K was 
relatively simple to pinpoint the rrajor 
uses of petroleum. Grease was the 
major lubrkant and kerosene the major 
iBumlnant. Coal, eventually to be dis- 
placed by petroleum, was the major 
energy source for heating. 

In the 1900s. America became the land 
of the horseless carriage. The advent of 
the intemal combustkjn engine to propel 
the automobile provkled a use for what 
had been a waste prxxluct at the 
refineiy— gasoline. Gasoline quickly 
became an Important product of petro- 
leum as automakers adapted ermines to 
utilize thl« practical fuel 
Todiy, about 6,000 products are pro- 
duced, wholly or In part, from petro- 
leum. Among the products derived from 
petroleum are gasoHne, aviatkm gaso- 
line, )et fuels (highV-refined kerosene), 
kerosene (now used mostly for cooking, 
space heaters and farm equipment), 
diesel fuel* (for hea\^ equipment), fuel 
oils (for resMentlal and commercial 
heating, manufacturing processes, and 
industrial steam and electrkral genera- 



tton), petroleum coke (ilmott pure 
carbon whk:h bums wkh llttte or no 
ash), and liquefied petroleum gas (prim- 
arily propanes and butanes obtained 
from refined natural gas). Other pro- 
ducts Include kibilcating oils, greases, 
waxes, asphalt. nyk>n stockings, plas- 
tks, fertilizers, shoe polish, washing 
powders, medicines, photographic film, 
pestiddes, insecticides, and waxed 
paper. 



What envtronmenta] 
safeguards exist? 

The oil Industiy is regulated by major 
federal laws including the Federal Water 
PolKitkKi Control Act. the Clean Air Act. 
the National Environmental Polky Act. 
and the Federal Land Management and 
Policy Act These laws govem the 
amount of emlssk>ns that can enter the 
atmosphere from refineries, thr, amount 
of pollutants that can be discharged Into 
waters, roadbulkUng, and land restora- 
tXMi after driling. 

Energy companies have been very dili- 
gent In making certain they leave a 
quality envlronntent. But acddents do 
occur. The 1969 Santa Barbara oD splB, 
the 1981 Mexico oil spill In the Gulf of 
Mexko, and the I9S9 oil spOl near 
Valdez. Alaska provide examples of the 
damage that can occur to the 
environment. 

Less obvit'us environmental damage 
results from burning petroleum and 
natural gas. 

Automobiles, the primary petroleum 
consumer In the country, emit carbon 
monoxide, carbon dioxide, sulfur and 
nitrogen oxkles Into the atmosphere 
from the combustion of petroleum. 
Industiy and homes also emit sulfur 
when fuel oils are combusted. 
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Naiiural Gas 



Introduction 



Of the energy sources available, Ameri- 
cans rely on natural gas to supply about 
26 percent of their energy needs. This 
ranks natural gas second In use on^ to 
oil which sivplies about 43 percent of 
America's energy needs. Natural s>s 
provides atxHit 42 percent of our Indus- 
trial needs. NearV six out of every 10 
homes Is heated with natural gas and In 
most cases. Is used for cooking, drying 
clothes, artd heating water. Businesses 
itia Industries use natural gas in many 
ways, from cooking 1,1 restaurants to 
fueling high temperature blast furnaces 
for the manufacturing of steel In fact, 
natural gas affects everything we do and 
use. 



What I« natural gas? 



Natural gas has l>een defined as natu 
rally occurring hydrocart>on and tvjn- 
l^'diccarbon gases found in the porous 
geotogkal fomiatlons beneath the 
earth's surface. It Is made up of about 
90 percent methane, with small 
amounts of ethane, propane, butane, 
carbon dioxide and nitrogen. 



What are the origin* 
of natural gaa? 

Conventional^, it has been accepted 
that natural gas Is a by-product of the 
breakdown of marine organisms and/or 
terrestrial plant debris whkh accumu- 
lated In vast deposits on the bottoms of 
ancient lakes, rivers and seas. Over 
time, the deposits were buried by layers 
of sediment consisting of mud, sand 
and rock. With each additional layer of 
sediment the pressure on the organic 
deposits Increased. As pressure and 
heat from the bulMup of sediments 
increased, chemical changes in the 
organic deposits took place and a 
complex, tar-like substance called kero- 
gen was formed. As temperatures con- 
tinued to Increase and the kerogen 
continued "cooking." more complex 



(ximpounds of carbon and hydrogen 
known as oil w>:re formed. Natural gas 
is generated :<t the same time as is oD; 
however, peak generation occurs when 
oti begins to break down because of 
high geothemial temperatures, e.g. 
greater than 205*C (400*F). This range 
of petroleum (oil and natural gas) 
generation is called the petroleum 
window. 

As natural gas molecules form, they 
migrate out of the shaley "source rock" 
Into more porous areas such as sand- 
stone. From there, they eventually make 
their way to either the earth's surface 
where they escape Into the atmosphere, 
or they ire trapped when their migration 
path !s blocked. In the latter case, 
impermeable rock layers prevent the 
molecules from migrating farther and a 
natural gas accumulation occurs. 

NATURAL GAS FORMATION 
AND ACCOMOLATION 



EARTH S SURFACE 
i 



IMPERMEABLE 
SECONDARY LA'ltR 
MIGRATION 




In contrast to the biokigkal explanation 
of the origin of natural gas, the "deep 
gas th'Sory" speculates that naturdi gas 
Is derived from non'bk>logk:al materials 
that formed the earth bllk>ns of years 
ago. The bralnchlkl behind the deep gas 
theory Is an American named Thomas 
Gold of ComeH University. In 1 979, 
Gold published the first papers to 
contend that, "on earth, as on other 
planets, most hydrocarbons were 
formed from non-blok>glcal sources." 
The theory proposes that the earth Is 
made up of primordial materials that 
combined together in space Ijlllions of 
years ago when the basic structure of 
the earth evolved. The materials afe 
believed to still be buried far below the 



earth's crust, where they have been 
trapped for 4.5 billion years. Cracks and 
fissures In the earth's cmst allow the 
gases to migrate into reservoirs and to 
the surface. In this manner, it Is believed 
that the supply of hydrocarbons pro. 
duced from the prkriordiai ntaterial were 
instrumental in the creation of the 
earth's atmosphere. 

The deep gas theoay further proposes 
that oil molecules are capable of surviv- 
ing greater temperatures and pressures 
found tens of miles beneath the earth's 
surface, and that many of the hydrocar- 
tx>ns that migrate up to the two-to-three- 
mlle depths do In fact break up Into 
methane gas. This wouM explain the 
presence of l)oth oil and gas found at 
two-to<hree-niile depths and further 
theorizes that a much greater supply of 
oil Is present in "deep weBs" whkh 
range in depth from 50,000 to 60,000 
feet and more. 

Much of the deep gas theory evoh^ed out 
of our growing understarxling of how the 
universe and planets are fonmeL*. and 
from informatkm supplied by the sf ace 
program. For example, when it war 
leamed that many planets containeo 
hydrocarbons in their atnnosphere, vnth 
little likelhood of ever supporting plant 
or animal life, the deep gas theory 
became more credible. 



How is natural gas located? 

For tliousands of years, humans have 
known of'the existence of natural gas 
and have been able to find It easily in 
small quantities near the surface of the 
earth. But as the readily available supp- 
lies became scarce, man was forced to 
search deeper Into the earth. By analyz- 
ing what was already known about the 
Iocatk>n and geokigkal formations In 
which deposfts were found, it was 
determined that natural gas would n:>ost 
likely be found In areas containing 
source rock, "porous" reservoir rock 
and favorable trapping mechanisms 
such as "rrJgratlon blocks." Based on 
this knowledge, new methods evoVed 
that woukl help tocate other areas most 
likely to contain accumulations. At flr-st, 
fairly simple surface methods including 
geologic mapping, surveys and aerial 
photographs where used. But over time 
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more sophisticated methods were devel- 
oped. Some of the methods used today 
include: (1) magnetic measurement a 
measure of the magnetic field of base rod< 
to determine how much sediment Is lying 
above It; (2) satelltte knagery, wtiich he^t 
Identify surface structures and pattems 
that aid In the search for proluble 
underlying hydrocarbon deposits; 
(3) gravity mapping, which detetmines 
thickness of the basin or 
sedimentary rock layer arxl helps identify 
base rock topography: and (4) seismh: 
sound wave reftectk>n. wtikh measures 
the time to various rock units that 
reflect acoustic energy. These reflecttons 
are pkitted in terms of time and 
amplitude creating a "sike of the earth" 
view. 

Once a trap with economic potential is 
IdentMed. a dril site Is selected. A driU 
rig Is contracted to bore through the 
layers of rock to the desired level, or 
"taiget horizon." The rig uses an engine 
to tum a table, which tums a pipe that 
has a driU bit attached on the end. With 
each rotaUori of the table, the bit at the 
end of the pipe digs deeper into the 
ground. During the process. v*ich gen- 
erally takes a few weeks, billing mud 
(bentonite clay with barite added for 
weight) is circulated through the drill 
pipe and well bore. The mud cools and 
lubricates the bit. It also cleans the hole 
of cuttings and leaves a thin cake 
around the well bore to prevent caving 
of rock fragments and loss of water to 
the formatten. The mud is "weighted" to 
exceed any expected subsurface pres- 
sure. ShouM a reservoir of natural gas. 
oil or water that contains higher than 
expected pressures be encountered, 
more dense mud Is Immediately added. 
If this cannot be done In time, then the 
well Is "shut in" using the surface 
blowout preventten system. This system 
is a series of valves that allows the 
driller several optkxis to close oif the 
well depending upon |ust how deep the 
high pressure zone was encountered. 
The drilling mud Is then weighted and 
circulated through the driK pipe and well 
bore until the natural gas, oil or water- 
cut mud is removed and the pressure 
zone is under control. If the target 
horizon contains commercial quantities 
of hydrocarbons (dl and/or natural gas), 
the wdl Is completed for pmductk>n. If 
there Is no discovery, the well Is plugged 
and abandoned and the site restored to 
natural conditions. About one out of 
eight "wildcats" (wells In unproved 
areas) result in a sIgnHkant discovery. 



How Is natural gas 
processed and distributed? 

Once natural gas has been found, it Is 
necessary to process It and distribute it 
to users. Hundreds of years ago the 
Chinese used bamboo to pipe natural 
gas directly from thek wells to their 
cooking pots. And In the earV 1820s 
William Hart, the first person to devek>p 
a practical use for natural gas In 
America, used hollow logs to bring 
natural gas from shallow wels to street 
lamps and smal nearby businesses. But 
as Halt and others continued to pioneer 
the uses for natural gas, it was found 
that higher quality natural gas and more 
functional and durable distribution net- 
works were needed. As a result, holk>w 
logs soon gave way to steel end cast 
Iron pipes. Today, natural gas reprocess- 
ing plants are used to tum hundreds of 
thousands of cubk: feet of unrefined 
wellhead natural gas Into commercial, 
high quality natural gas. 

Before natural gas is distnliuted, it must 
first be sent to a processing or "strip- 
ping" plant where it Is cleaned and 
separated. At the processing plant, the 
natural gas is first sent through a 
separator where secondary byproducts 
Including ols. Impurities and heavier 
hydrocarbons such as butane, ethane 
and propane are removed. Most of these 
byproducts are reprocessed, packaged 
and sent to market for a variety of 
different uses. 

As natural gas leaves the processing 
plant It enters a compressor station 
where It Is pressurizeid for trsnsmlsskin. 
As the pressure Is increased, the 
volume of naturz! gas Is reduced and 
more natural gas can be filled into the 
same unit space, and the pressure 
needed to move natural gas through the 
pipelines Is achieved. As natural gas 
flows through the pipeline, some pres- 
sure Is lost due to fluid frictk>n caused 
by the natural gas rubbing against the 
Inside walls of the pipe. This k>ss of 
pressure Is made up at compressor 
sub-statk)ns kxrated about eveiy 50-to- 
1 00 miles along the transmission plpe- 
ines. Along the pipelines are valves 
used to control pressure end cut off flow 
in an emergency such as a break In the 
ine or a Are. 

During the summer months wtien peak 
demands are much tower, natural gas 
can be stored in empty wels. under- 
ground cavems. and in lk)uHkd fonn in 
storage tanks. 



How safe Is natural gas? 

There are a number of properties of 
natural gas which make this energy 
form extremefy safe. First unlike other 
hydrocarbon fiiels, natural gas Is lighter 
than air. This permits it to dissipate into 
the air if a leak occurs. Other hydrocar- 
bons Kke propane, ethane and butane 
are heavier than air and wiH "puddle" If 
leaks occur. 

Secondly, natural gas has a higher 
combustion temperature than other 
fuels. Natural gas Ignites at 649T 
(1 .200°F) compared to as low as 371 'C 
(700'F) for some other fuels. 

A third inherent property of natural gas 
that helps provide a safety barrier is the 
HammablKty range prevnusly mentioned. 
If the exact requirement for mhlng 
natural gas and oxygen are not met. 
combustk)n cannot occur. 

Although natural gas is safe when 
properfy used. It exhibits certain charac- 
teristhrs that make it potentiaify danger- 
ous. First, if natural gas and the mbcture 
of oxygen are not property balanced 
when lit. incomplete combustton will 
occur and cartjon monoxide will be 
produced. Second, if a leak occurs and 
supplants all the available oxygen. 
asphyxiatk>n may occur. 

Because of the potential hazards. It Ls 
important that cne user know how to 
safely use natural gas and care for 
natural gas appliances. One of the first 
steps to prevent accidents from ocair- 
ring Is to ensure that natural gas 
appliances and equipment have been 
properly Installed, adjusted, vented and 
Inspected. Other safety precautk)ns that 
should also be taken Include the 
following: 



1 . follow marnifacturer's instructtens 
for the Installation, operation and 
maintenance of gas equipment and 
appliances, 

2. Keep flammable materials (paints, 
solvents, doth, paper) away from 
appliances. 

3. Provide proper ventilatk)n In areas 
around himaces. water heaters, dry- 
ers, ranges, etc Many new applian- 
ces use an electronic Ignitkm Instead 
of a pDot light. 

4. Perform or have performed routine 
maintenance on appliances to keep 
them clean and In proper working 
order. 

5. If the flame goes out. tum the gas 
off. ventilate the area and notify the 
natural gas company. 
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6. Teadi children how to use appliancts 
safeV Bi>d to recognize the smell of 
natural gas. 

7. When llflhtina a flame, always strike 
the match firat, then tum on the 
natural 9*s- 

8. Keep fine extinguishers In the vicinity 
of appliances with open flames. 

If a natural gas leak Is detected, the follow- 
ing safety precautions should be taken 
Immediately. 

1. Open windows and doors to ventilate 
the area. 



2. Get everybody outside then call the 
natural gas company or other autho- 
rized personnel for assistance. (The 
telephone call should be made from 
outside the home. A spark from an 
electric switch or telephone could 
Ignite the natural gas.) 

3. Avoid flames and dont tum on or off 
electrical equipment or appliances. 
Mever look for a natural gas leak with 
a lighted flame or match. 

4. Your natural gas can be tumed off at 
the valve next to the natural gas 
meter. A quarter tum of the valve in 
either direction will shut the natural 
gas oin the raised part of the valve 
will then be crosswise to the pipe. 



5. If there Is only a faint odor, it 
probably means a pilot light Is out 
on an appliance. Check the plk>t 
lights on all applances. To relight 
the pilot light, foltow the Instructtons 
In the owner's manual. If you stil 
can't find ihe source or are unsure of 
how to relight the pik>t light call the 
kical natural gas company. 



Notes: _ 



Energy Smarts Team Training Manual 



Nudear Energy 



Vniat U nuclear energy? 



Nuclear energy Is derived From atoms. 
Atoms are particles that make up 
matter and are composed of neutrons, 
protons and electrons. The neutrons 
and protons are clumped together to 
form the center or nucleus of the atom, 
while the electrons orbK the nudeus. 

Nudear energy Is the energy Inside the 
nucleus of the atom whkh binds the 
nucleus toget(ier. A change In the 
nuclear composition of the atom results 
in a release of energy. 

ONE MODEL OF AM 




How Is nuclear energy 
r«Jeased from an atom? 



Nuclear energy Is released from an atom 
through nuclear fission or nudcv 
fusion. In the fission process, com- 
nrtonly used in today's nuclear reactors, 
a nudeus of a target material such as 
uranlum-235 is bombarded by a neutron 
which is absorbed. The absorbed neu- 
tron causes the atom's nucleus to split 
apart or "flssion" Into two atoms of 
lighter weight, releasing energy, neU' 
trons and radicactKrity. Fission, then is 
the splitting of atoms. Fission reactions 
produce enomious amounts of heat 
which tums water Into steam for gener- 
ating electricity. The heat Is produced 
from the collslon of fissioned particles 
with other atoms. 
In the second process of releasing 
energy from the atom, the nuclei of 
atoms are joined through "fusion," 
resulting in the creation of a third 
element, a free neutron, and nucleus. 
Heat Is pfbduced wticn the free neutron 
collides with other atoms. The sun and 
stars get their energy from the fusion of 



hydrogen to produce helium. Scientists 
have been attempting to imitate this 
process for many yean, but It requires 
extreme^ high tempentures. Although 
sdentlsts have b«en unable to develop a 
container capable of holding such 
extremely hot material, one of the more 
promising efforts involves containing the 
material within a magnetic fleld, while it 
is being lieated to the required tempera- 
ture. The United States anticipates the 
eventual constiuction of fusion power 
plants. 



What Is a chain reaction? 

When an atom undergoes fission, heat, 
neutrons and two lighter atoms are 
produced. The released neutrons are 
absoiiied by new atoms causing them 
to fission, releasing more heat and nx>re 
neutrons. Repeating tills process over 
and over is a chain reaction. 



Why do we use uranium? 

Uranium, viMch is naturally radioacthre, 
occun In nature as dther uranIum-235 
or uranlum-23B. (The number refets to 
the element's atomic mass or the 
number of protons plus neutrons In the 
nucleus.) Less than 1% of naturally 
ocoinlng uranium It uranlum-235, vrith 
more than 99% being uranlum-238. It Is 
Ufaniunv235 witlch flsslont, releasing 
eneffH. Utanlum-238, on the other 



hand, absorbs t>ombardlng neutrons 
and is transformed into Plutonlunv239, 
which fissions when strudt by neutrons, 
releasing energy. Thus, the ability of 
uranium to fission or to be transformed 
into a fissionable element is why ura- 
nium is used in nudear reactors. 



How Is flaslon 
accomplished In a 
nuclear reactor? 

Nuclear reactor? are composed of three 
principal parts: reactor vessel, core 
and control it>ds. The reactor vessel, a 
tank-like container weighing more than 
500 tons with steel walls, six to nine 
Inches thkk. Is located at the base of 
the reactor tHJikiing. The core, k>cated at 
the bottom of the reactor vessel, holds 
the fuel assemblies. Control rods are 
Inserted Into the core to regulate the 
rate of fission. The control rods are able 
to do this because of their cadmium or 
boron composition (materials that 
absorb neutrons). The absorption of 
neutrons controls the rate of flsskjn. To 
slow the reaction, the control rods are 
Inserted farther into the core. THs 
decreases the number of neutrons that 
coUde with uranium atoms, thus slow- 
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Ing the reaction. The actual operation of 
the core InvoSfei the consumptfan of 
uranlum-235, the subsequent aeation 
of fission byproducts and the produc- 
tion of pkjtoniuni. Energy released by 
fission 1$ transferred to water, turning It 
to steam. From this point on, nuclear 
power plants operate Just ll<e (ossU- 
fueled power plants. 



REACTOR VESSEL 




What Is mp^nt ftid? 



When the fuel assembHea can no longer 
efficiently sustain a fission reaction 
(approxfanately three years), th<y are 
removed from the core. The 'spent fuel" 
as It Is called, contains unused nuclear 
fuel and radioactive nuclear waste. The 
spent fuel Is stored In pools of water at 
the nuclear power plant, until It can be 
reprocessed or disposed of. Water Is 
used to cool the fuel and absorb 
radiation. 



How do you isolate and 
■tore radioactive wa«t« 
fk'om lanil, water and air? 

Several methods ace being developed to 
Isolate and safe^ store radioactive 
nuclear waste. One method proposed 
includes reproceuing the spent fuel. 
The used fuel would be transported to 
reprocessing plants where the stili 
unused nuclear fuel would be separated 
from the radioacthre material that needs 
to be safely stored. 

The Icw.level or high-level material can be 
fused hto a glass or ceramic solid, which 
Is impervious to air and water, and buried 
in deep. Habit, underground geologic for- 
mations. These storage areas would be 
constantly monitored. 

In the future, radioactive wastes wiH be 
stored in federal repositories. 



What Is radiation? 



Radiation is a naturally occurring 
phenomenon which is the result of an 
Imbalance In the number of neutrons 
and protons In the nucleus of the atom. 
The ImbalarKe results In an unstable 
atom, which emits energy or radiation. 
Three forms of radiation are: alpha 
particles, which can be stopped by a 
single sheet of papen beta particles, 
<Mh\ch are stopped by a thin sheet of 
aluminum: arid gamma rays, which are 
stopped by several Inches of lead or 
about three feet of concrete. The inten. 
sily of the radiation depends on the 
speed at which the particle or ray 
travels. Thus, gamma rays are more 
radioactive than alpha particles as they 
travel at a greater speed. 



What safety precautions 
are taken at nuclear 
power plants? 

The Nudear Regulatory Commissfan 
<IiRC) Is responsible for the regulation 
of nuclear power plants In the CI.S. The 
NRC goes to great lengths to prevent 
nuclear accidents. The NRC requires 
nuclear plant operators to undergo three 
or more years of extensive training and 
examination. The NRC also administers 
strict constniction, maintenance aiHl 
safety regulations. 

Nuclear power plants are nunitored for 
radiation and are designed with safety 
systems which "talte contror In event of 
an accident Other safety features of 
nuclear plants are: cooling systenns 
which pump water Into the core to keep 
it cool; the containment buldlng. a large 
dome-shaped thick-walled steel and con- 
aete building which can prevent the 
escape of radiation shouki a problem 
develop; and an automatic procedure 
which Inserts the control rods into the 
core to stop the chain reaction. 

Because of the dilute quantities of 
uranlum-235 used in commercial 
nuclear reactors, nuclear explosions are 
Impossible. It requires at least 90% 
uranlum-235 or plutonlufti-239 to p,o- 
duce a nuclear expk>sion similar to that 
of nuclear weapons. 
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Renewable Energy Sources 



Introduction 

Energy is essential in our society. Energy 
Hgtits and heats our homes, offices and 
factories. It powers the nuchines of 
industry aDd transportation. The clo- 
thing we vrear. the food we eat, the 
txiildings in which wc live and work, and 
even the systems we use to 
communlcBte— al depend on energy. 

For generations, our sodety has been 
enjoying the l>eneftts of plentlfui. Inex- 
pensive, and easily avaBable energy- 
fossil fuels. But these fsjels. such as 
coal, oil and natural gas, are finite. M 
supplies have become scarce and 
expensive to extract, the search has 
intensified for alternative energy 
sources— sources of energy other than 
fossil fuels. 



How la the sun 
■n energy source? 



The most obvious and virtualy limitless 
energy source is the natural fusion 
reactor which the earth revolves around 
in space— the sun. in terms of human- 
kind's residence on earth, the sun is an 
object that wiH last forever, continuously 
radiating energy that mai<es life on our 
planet possible. Although the earth 
Intercepts only a small fraction of the 
total energy emitted by the sun, the 
amount received is thousands of times 
the present eiwgy requirement of the 
wofld's human population. 

The surface of the sun, which radUtes 
erxrgy in the form of heat and IgM, is 
caM th* phatosfhcfc. The sun'* inte- 
r1*r ti c aiiipw rt 4tmt gMsa (70% 

> umw.» it uw» (27 mMan ft)*- 
f«MI/tS mMan iipiw C«Mm). TIN 
hMM anrf Rflitt anary is ^ro^ucttl 

tirough a thermonuclear reaction 
(hasbn) In trffkh hydrogen atoms arc 
lusad together to fonm hdum. 

Of the iun't energy that ruches the 
earth's atmosphere, 30 percent Is 
reltected back into outer space, 47 
percent is akaoit>ed by tt>e earth's 
si^acc anrf cvmwrtarf ht# Hafll anar^. 



23 percent drives the hydrologlcal 
(water) <ycle, less than one percent 
creates winds and ocean currents, and 
only 0.03 percent Is captured by plants 
and used in photosynthesis. The 0.03 
percent of the sun's energy captured by 
plants provides all the world's food 
energy and produced the stored fossii^ 
fuel energy (coal, oD. natural gas). Thus, 
the sun is the primary source of all 
energir on earth. 

The sun's position in the slQr has a 
ma(or effect on the soiar energy received 
by the earth. In order to collect and use 
solar energy efHclently, one must be 
l<nowledgeable of the sun's movements, 
t>oth daly and seasoruiHy. 



Wh^ !■ solar radiation? 



Solar radiation Is a fomi of electromag- 
netic radiation. Just as x-rays, light 
waves, microwaves, television waves and 
radio waves. However, solar radiation 
differs from heat flow radiation. This 
difference Is important to solar energy 
technologies. 

First, color Is an important factor In 
solar radiation, but is not In radiation 
heat flow, Blacl< or dark-colored objects 
absorb solar radiation and become 
hotter, while white or light-colored 
objects reflect solar radlattoa Color has 
no effect on radiation heat flow. Ught- 
and dark-colored objects will absorb the 
same amount of heat energy Firom 
radiation heal flow. 

The secoTKl most Important difference b 
that solar radiation passes through 
transparent materials (glass, plastks). 
whereas radiation heat fkiw cannot 
Tlws, transparent nuterials trap heat 



Ho«r la the aun'a 
energy hameaaed? 



Three primary processes exist by which 
solar energy can be put to practical use: 
photochemical, photoeiectricai, and pho- 
lothermaL The photochemkal process. 



caied photosynthesis, uses solar 
energy to unite carbon dioxide, water, 
and nutrients from the sol to create 
carbohydrates (chemical potential 
energy) and oj^fltn. The coal, oil and 
natural gas we use today probably 
resulted from photosynthesis that took 
place eons ago. 

In the photottiermal process, light 
energy (sliortwave radlatwn) is trans- 
formed into heat energy (kingwave radia- 
tkin). As light energir strftes an object. 
It Is either absorl>ed, reflected or trans- 
formed Into heat energy. The heat 
energy is then either radiated away from 
the object, canried off by air or water 
(convectkm) or conducted to sunound- 
kig objecu, 

Photothermal technok>gies- include: pas- 
sive and active soiar energy systems, 
power towers and Ocean Thermal 
Energy Conversion (OTEC) systems. 

The photoelectrical process converts 
light energy into electrical energy, it 
involves the use of photons (light 
er«rgy) to excite the outer (valence) 
electrons of atoms, causlrtg the elec- 
trons to move, producing an electrical 
current. Photoelectric technologies 
include photovoltaics. 



What la wood energy? 

Chemical potential energy is produced 
by plants through photosynthesis and is 
stored as biomass. The chemk:al poten- 
tial energy of t>tomass Is released when 
the plants decay or are burned. 

Wood is one of the most abundant and 
useful forms of bk>mass on this planet. 
Trees are a renewable resource whkrh 
today cover over 30 percent of the 
earth's land surface. If 100 mlllton acres 
of this coukl t>e used to produce vraod 
hjcL the United States could reduce its 
oH consumption by 1 5 percent, m 
equivalent of 900 mtlk>n banrels of oil. 
Even though trees take 50 to i 00 years 
to reach maturity, we can use this 
valuable resource forever If we grow and 
harvest trees with care and plannkig. In 
our gianc^rcnls' <tay. wood played a 
major role as a fuel resource, account- 
ing for 90 percent of the United States' 
enera' supply, in terms of fuel use 
today, wood accounts for less than five 
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percent of the Onlted States' energy 
consumption. 

The most ambitious plan for the use of 
wood fuel is the "energy plantation." 
These are large tracts of land devoted to 
the production of trees for use in neart>y 
electrical generating plants. It Is esti- 
mated that a 1 ,000 megawatt plant 
would require between 200 and 600 
square mSes of woodland in order to 
have a siMcient supply of wood fuel. 
However, tiMre are problems with large- 
scale use of wood. Unless tiM harvest- 
ing of trees is done carefully and 
property, the son can become seriously 
depleted of nutrients and eroded. Also, 
there are simply too many of us and we 
want far more energy than our parents 
or grandparents did; so wood cannot 
fully satls^ our energy needs. Tliere are 
also air pollution prot>)ems with buming 
wood In heavty populated areas. 



What are biofii«I«? 



Biofuels art derived from plants, which 
capture the sun's enei^y and convert it 
to blomass (chemical potential energy) 
through photosynthesis. Biofuels are 
distinguished from fossil fuels, which are 
also of biological origin, but are non- 
renewable. Bbmass, in the process of 
being eaten, burned or decayed, 
transfers Its energy to the rest of the 
King world. There are many proposals 
for btonuss energy plantations. One 
idea calls for the growing of sea kelp In 
offshore waters of Callfomis and Peru to 
produce 1 .8 billion tons of dry marine 
algae per year. This blomass would then 
be converted to methane, which could 
meet 17 percent of the cun-ent Cnhed 
States' natural gas demands. Some 
farmers are already growing crops to 
convert Into ethanol. which when com- 
bined with gasoline maites gasohol. 
Qasohol Is a mixture of 10 percent 
ethanol and 90 percent gasoline. Gaso- 
hol is one way of stretching fossi fuel 
supplies. 

The advantages of biofuels over other 
fuel sources are: domestic production 
would have a favorable economic 
Impact, a favorable Impact on the 
environment (blomass Is low In pollut- 
ing sulfur), and the energy produced is 
renewable. There are. however, probiems 
with the energy plantation concept; large 
land areas would be converted to single 
crop stands wiilch are susceptible to 
disease and pest outbreaks; by centraliz- 
ing energy production, the energy planta- 



tion requires elaborate electricity 
transmission grids. 



How is refuse an 
energy source? 



One type of blomass that has potential 
as an energy source is organic waste or 
refuse (gatbage). Although still consl^ 
dered a problem rather than a resource, 
there is little doubt that refuse wll be 
used more and more as row materials 
for conversion and recycling. Refuse can 
also be converted to other useful forms 
by composting (decaying organic mate- 
rials In carefully constructed pies to 
produce a soil conditioner and fertilizer) 
or anaerobic digestion (decaying organic 
material in airtight containers to produce 
methane, liquid fertilizer, or distilled to 
produce ethanol). However, we must 
remember that it takes energy to pro- 
duce the Items that become our refuse. 
Conservation — using less paper, plas- 
tics, fabrics, aluminum, etc. — saves 
more energy than converston and 
recycling. 



How Is wind an 
energy source? 



Wind is a fomi of kinetic energy created 
in part by the sun. About two percent of 
the sun's energy that reaches the earth 
is converted to wind ener©. The atmos- 
phere is heated during the day by the 
sun and at night it cools by losing its 
heat to space. Wind is the reaction of 
the atmosphere to the heating and 
cooling cycles, as well as the rotatk>n of 
the earth. Heat causes kmr pressure 
areas, znd the cool of the night results 
In high pressure areas. This process 
creates wind when air flows from high 
pressure areas into tow pressure areas. 
Wkid energr has been used for 
hundreds of years. The windmills of 
Europe arv) Asia converted the kinetk: 
energy of the wind into mechanical 
energy, turning wheels to grind grain. 
Today wind-(k1ven generators are used 
to convert the Mnetk: energf of wind 
into electrical energy. Wind-driven sys- 
tems consist of a tower to support the 
wind generator, devices regulating gener- 



ator voltage, propeller and hub system, 
tan vane, a storage system to store 
electrldty for use during windless days, 
and a converter which converts the 
stored direct current (DC) Into altemat- 
ing cunent l*C). 

In the year 2000. wind could generate 
from seven to 10 percent of the total 
electricity produced In the United States. 
Famis In rural areas across the nation 
already find wind generators a viable 
energy supplement However, the cost 
of a wind system that provides energy at 
our present rate of consumption is 
expensive for a single famly. The most 
ambitious proposals to harness wind 
power Involve the construction of wind 
"farms" where hundreds of wind tur- 
bines win produce electricity. 

The main problem with wind energy is 
that it Is not constant or predictable, it 
has a load factor of only 25 percent and 
Is only 35 percent efRclent. Many areas 
do not have enough wind to make 
generation feasible, while some loca- 
tions are susceptible to gales which 
would destroy or damage the system, 
icing can also be a problem in cooler 
cUmates. Wind systems also take up 
large areas and can be quite noisy. If 
these problems can be overcome, wind 
energy could be an optimum energy 
altemative, due to the fact that It is 
renewable and environmentally safe. 



What is hydropower? 



Hydropower is a form of solar energy. 
The sun's energy drives the hydreJogic 
cyde by evaporating water from lakes 
and oceans and by heating air. The hot 
air then rises over the water carrying 
moisture to the land. The cycle con- 
tinues when the water falls as precipita- 
tion and flows back to lakes and 
oceans. 

The potential energy of water k^ated at 
elevations above sea level Is one of the 
"purest" fonns of energy available It 
can provide energy without producing 
pollution. It Is relathdy easy to control 
and can be converted to electricity with 
an efficiency of 75-85 percent. As a 
result, large and small rivers around the 
worW with the appropriate topography 
have been dammed and waterwheels 
and water turbines Installed to capture 
the klnette energy of the faling or 
Rowing water. 

Hy*oelectr1c installations require the 
construction of dams to Increase the 
reliability of the energy avalable from a 



ERIC 



51 



Energy Smarts Team Training Manual 



stream. The dam also regulatea the Itow 
of water and creates water pressure at 
the bottom of the dam. The water 
pressure is proportional to the depth of 
the reservoir created by the dam. The 
greater the water pressure, the greater 
the power. 

Water from the reservoir flows through 
the dam in pipes caled penstoclcs to 
the powerhouse. In the powerhouse the 
water pressure is applied to a turbine 
which spins a generator to produce 
electricity. After the water has moved 
through the turbine, it Is released Into 
the river below the dam. 
Hydroelectric power Is cost-effective and 
proven. However, there are drawbacks. 
The damming of a rtver or stream has a 
critical and sometimes irreveriilble 
impact on the long tenn ecological 
balance of that river or stream. Dams 
also encourage an accumulation of silt 
and can be a hazard in earthquake 
zones. However, dams create a better 
environment for some animab and 
plants, provide new recrea(k>nal areas, 
and can control natural disasters such 
as floods and erosion. 



How are ocean w«vm 
an energy source? 

The kinetic energy of waves Is derived 
from the Interactions of winds and 
ocean currents. Methods for hamessing 
the klnetk energy of waves are new and 
untested. Several different devkxs hove 
been successful on a smalKscate opera- 
tk>n. All of them operated by using the 
natural up-and-down motion of waves. 
For example, the Madsuda buoy con- 
sists of an upturned canister with two 
holes In the top portion of the container 
floating in the water. As the waves rise 
and fall Inside it, air Is forced in and out 
by air pressute. The stream of air drfves 
an air turbine, wtikh. in turn, drives a 
generator producing electricity. 
Waves, like wind, arc unpredictable. 
Also, the environmental Impact of any 
proposal wouki have to be carefully 
studied Presently, wave energy is not 
economically feasible. 



Direct applkatkm of geothemuil energy 
to heat buildings can be found in 
RQkJavtk. Iceland: Klamath Falls, 
Oregon: and Boise. Idaho. Electifdty is 
produced by geotheimal energy in onV 
two tocatkms ki the Onited States: 
Pacific Gas and EhKrtric Company's Heki 
at the Geysers In Calffomia. and Otah 
Power and Light Company's field near 
Milfoid, Otah. 

Environmental and maintenance prob- 
lems arise when the hot geothetmal 
water, saturated wth sokibie minerals, 
cools and deposits the minerals In pipes 
and equipment Geothermal energy, 
because of Its k>calt2atkMi, cannot 
satisiy the United States' overall energy 
needs. 



Notes: 



Hoiw are ocean tides 
an enersQT source? 

The potential energy of gravity— caused 
by the relationship between the earth, 
moon, and sun— and the kkietk energy 
of the earth's rotatton create tMes and 
the kinetic energy associated with their 
rising and falling. The k^to the 
usefulness of tidal energy Is the height 
difference between high and knv tide. 
In order to obtain energy from tides a 
dam must be constructed across a 
coastal Inlet The dam alkiws water to 
flow inwards at high tkie. trapping the 
water. At low tide tiie water Is allowed to 
flow back through the dam in a pen- 
stock. The flowing tvater tums a turbine 
and generator, producing electricity. 
There we only a few k>catk>ns in the 
United States that would be suitable for 
tidal energy devebpment In addition to 
the environmental concems, there arc 
technical and economic problems that 
win have to be worked out before tklal 
energy is feasible. 



What Is geothermal energy? 



Geothermal energy, heat from within the 
earth, is the result of radioactive decay, 
chemical reactions, friction from the 
ntovement of crustal plates, aixi heal 
present from the earth's formation. 

There are three basic forms of geother- 
mal energy: hydrothermal. geopressur- 
ized. and hot dry rock. Hydrothermal 
systems are composed of hot water and 
steam trapped in porous or fractured 
rock near the earth's surface. Ceopres- 
surized resereoirs contain a mixture of 
hot water and methane gas trapped In 
sedimentaiy rock far beneath the earth's 
surface. Hot dry rock lormations contain 
abnormalV hot rock and little water. 

Most of the recoverat>le United States 
gcot^iennal reserves arc loccited within 
the Westcn states: Alaska. CaHfomla. 
Idaho, Montana, lievada, liew Medco, 
Oregon, Utah, and Washington. 

Al geothermal energy sources can be 
used In industrial processes and space 
heating, but only hydrothermal resour 
ces can be used in electrical ger>eration. 
Hydrothermal resources use steam 
directly to turn a turtiirw and generator 
to produce decttidty, In the process, 
steam Is cotwerted to water ki a 
condenser and returned to the earth. 
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Electricity 



Introduction 



Electricity is a secondary energy source, 
that is, It is generated from the conver- 
sion of a primaiy energy source— solar, 
ott, coal, natural gas, or nuclear. Electric- 
ity Is unique, as it is energy In transit, 
kinetic ener^, obtained when electric 
charges are set in motion by an 
electromotive force. 
But to most people, electricity Is the 
cause of lightning, or the form of energy 
that power* their television set and 
lights thdr home. Th^ have a Imlted 
understanding of the scientific principles 
and technologies required to generate, 
transmit, use. and manage electricity. 



What U the atomic 
structure of matter? 



since the time of the ancient Greeks, 
matter has been thought to be made up 
of atoms ("atom" is the Greek word for 
"indivisible''), though the Greek Ideas 
about the nature of these "Indlvlsfcle" 
particles were rather vague. Through the 
work of Niels Bohr, Lord Rutherford and 
others It was revealed that atoms 
actually have a complex stnicture. 



A CARBON ATOM 



PROTONS 




According to Bohr's theory, an ^tom 
consists of a positive^ charged nuck:us. 
surrounded by negath/ely charged partV 
cles, caled electrons. The nucleus of an 
atom consists of two fundamental parti- 
cles: protons and neutrons. The proton 
carries a positive charge while the 
neutron has no chaise. 

The positive charge of a prxiton Is equal 
to the negative charge of an electron. 
Since atoms ordina<% are electrically 
neutral, the number of positive charges 
equals the number of negative charges 
— that is, the number of protons In the 
nucleus is equal to the number of 
electrons sunroundlng the nucleus. 



What are ions 
an<l Ionization? 



An Ion Is an atom that has become 
electrically unbalanced by the nss or 
gain of one or more electrons. Wt«n an 
atom loses an electron. Its remaining 
electrons no longer balance the positive 
charge of the nucleus, and the atom 
acquires a posftive charge. This atom is 
called a cation. Similarly, when an atom 
gains an electron, it acquires a negative 
charge and is caHed an ank>n. The 
process of producing k>ns is caled 
lonizatk>n, 

lonlzatnn does not alter the chemical 
properties of an atom, but It docs 
produce an electrical charge, kinization 



can be brought at>out t)y the coiisk>n of 
electrons or by exposure to radiation. 
This Is because the electrons In the 
outermost shell of an atom are hekl 
rather loosely and. hence, can be dls- 
k>dged easily. 



What are free electronst 
conductors and htsulators? 



Electrons that have been "Imocked" out 
of the outer shell of an atom are known 
as "free" electrons. These free electrons 
can exist by themselves outside of the 
atom, and It Is these electrons which are 
responsible for rrwst electrkal pheno- 
mena. The movement of free elecltons 
constitutes an electric current. 
All substances normally contain free 
electrons that are capable of moving 
from atom to atom. Metallic materials, 
such as sliver, copper, or aluminum, 
contain numerous free electrons capable 
of carrying an electrk: current and are 
called conductors. Non-metallic mate- 
rials, which contain few free electrons, 
are calkxl Insulators, Materials that have 
an Intermediate number of free electrons 
available are classed as semkonductors. 
The more free electrons a material 
contains, the better It will conduct 
electricity. 
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What is electric cuirent? 



What Is resistance? 



Wbat Is thermoelectricity? 



The frei electrons In a conductor are 
ordinarily In a state oF chaotic motion. 
However, when an electromotive force 
(or voltage) is applied, such as that 
provkJed by a battery or electric power 
plant generator, the free electrons In the 
conductor are guided in an orders 
fashion, atom to atom. This orderly 
nwtion of free electrons under the 
influence of an electronnothe force is 
called an electric current. Although 
electrons drift through the wire at a 
relatively slow speed, the disturbance or 
impulse Is transmitted almost at the 
speed of light. The electron current 
continues to flow through the conductor 
as long as the electromotive force Is 
applied. The conductor itself remains 
eiectrkalb' neutral, since electrons are 
neither gained nor lost by the atoms 
within the conductor. What happens is 
electrons enter the conductor from one 
end and an equal number of electrons 
are given up by the other end of the 
conductor. Thus, the free electrons 
present within the conductor act sImpV 
as current earners. 
Electric current Is the transport of 
electric charge (electrons). Electric cuf 
rent is measured in amperes and Is the 
amount of electrons passing a given 
point in one second. An ampere is equal 
to atwut 6.25 x 10" electrons per 
second. 

VoRage on the other hand is a measure 
of potential difference, the electromotive 
force necessaiy to move electrons 
through conductors. The amount of 
electric current moved through a con- 
ductor by the voltage Is Influenced by 
the conductor's resistance. 

'i.'.ectr"c power, the rate at which work is 
perform I . j n-.-^ving electrons (electric 
current), Is measured in watts and is 
determined by multiplying the current by 
the voltage: 

1 watt = 1 amp x 1 volt 
Because of the relationship between 
electric current and voltage to perform 
work, the same amount of work can be 
performed with either a high current and 
low voltage or a tow current and high 
voltage. 



The oppositk>n to the flow of free 
electrons In a material Is caHed resist- 
ance. The resistance of material dissi- 
pates energy In the form of heat, 
because of frictkin between the free 
electrons and atoms of themateriaL As 
the material Is heated, more coUslons 
occur and the resistance to the fkw of 
electric current Increases. 

The resistance of electrkal conductors 
depends on their dimension and on their 
composition. As the cross-sectional area 
increases, the resistance decreases: but 
as the length Increases, the resistance 
rises. A long, thin corxluttor. therefore, 
has more resistance than a short thick 
one with the same volume of material. 
S)lver has less resistance than copper, 
whereas aluminum and Iron have more. 

Although the same voltage may be 
applied to a light txilb and an electric 
iron, the actual current flow Is different 
in each, because each has a different 
resistance. So not only does the voltage 
determine how much current flows 
through an electrical appliance but also 
the resistance of the appiance. The 
relationship between resistance (R). vol- 
tage (V), and current (I) then, can be 
expressed by the mathematical formula: 
I = V/R. The unit of measure for 
resistance Is the Ohm, which b named 
alter Ceorge Ohm who was the first 
person to spedfy the relationship 
between resistance, voltage, and cur- 
rent. It is this resistant property of 
conductors which is used to produce 
light or heat from electricity. 



What Is static electricity? 



When certain materials are rubbed 
together, free electrons are transfenred 
by friction from one to the other, and 
Doth materials become electricall)' 
charged. These charges are not In 
motion but reside stallcaly on each 
material, and hence this type cf electric- 
ity Is known as statk: electricity. We've 
al had experience with static electricity: 
lightning during a storm; spaiks fVing 
after we shuffie over a rag; hair standing 
up on end after brushing — all these are 
typical examples of the effects of static 
electricity. This type of electricity Is 
produced by frkrOon. 



When two dissimilar metals, such as a 
copper and iron wire, are joined togettier 
at bioth ends, the free electrons wli pass 
haphazard^ In both directions across 
the junctkin. Because of the different 
atomk: structure of the metals, eiec 
trans pass more readily In one direction 
than In the other. This results kt a 
displacement of charges, mwking one 
metal posithre and leaving the other 
negative. By keeping one Jun<ctlon at a 
higher temperature than the other, a 
thermal electromotive force Is obtained, 
and an etectrk current is produced. 

A single Junctk>n of two different metab 
that are twisted, brazed or riveted 
together at one end. is called a thermo- 
couplcThermocouples are not used to 
produce electric current, since the effect 
is small. Their chief use Is for measuring 
temperatures and currents in electrical 
appliances and fumaces. 



What Is electrochemistiy? 



In 1795, the ItaBan physicist Alessandro 
Volta made the first electrical cell by 
placing two dissimilar metal electrodes 
in a conducting chemical solutkin, called 
an electrolyte. An electromottve force is 
produced In such a cell by the separa- 
tion of charge, brought about by the 
chemical reaction between the clec- 
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titKtes and the electrolyte. TWs arrange- 
ment Is known as a voltaic eel after Its 
inventor. The electromotive force gener- 
ated by a voKak eel depends on the 
tendency of the electrodes' atoms to 
lose electrons and thus form positive 
Ions. 

The voltaic cell most widely used as a 
convenient source of "portable" electric- 
ity Is the "d^ ccU," or common flash- 
Kght battery. A typical dry cell consbts 
of « dnc metal housing, which acts as 
the negative electrode, and a cai1>on rod 
In the center, acting as the poslth/e 
electrode. The electrolyte Is a chemical 
paste consisting of ammonium chloride 
mixed with manganese dioxide. The 
manganese dioxide absorbs hydrogen 
produced from the chemical reaction. In 
operation, the metalic zinc delivers 
positive zinc ions to the electrolyte, 
causing a difference in charge between 
the zinc and catix3n electrodes. If the 
zinc and cartKm electrodes are corv 
nected In a circuit, electrons will (low 
from the zinc electrode to the carton 
dectrode. producing an electric current 
of about 1 J5 volts. Since the electric 
current produced by a battery flows only 
'n one direction. It Is called direct 
current (DC). 

Secondary ceBs, also called lead storage 
batteries, deliver current by chetnical 
reaction liite voltaic cells. However, the 
chemical reaction In e secondary cell Is 
reversible, permitting It to be restored to 
its original condition. To restore or 
recharge a secondary cell all you have 
to do Is pass an electric current through 
It In a direction opposite to that of Its 
normal use or discharge The lead 
storage batteries In automobiles are 
secondary cells. 
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What are magnetlaiii 
and «I«ctiiclty? 



Magnetism and electricity are not two 
separate phenomena. In fact, whenever 
an electik current flows, a magnetic 
field Is created, and «4iencver a magnet 
moves, an electric current Is produced. 
The properties of magnetism and elec- 
tridiy are both bound up In the nature 
of the physical structure and arrange- 
ment of atoms and their electrons. 
Materials that appear to t>e magnetic, 
without any outside source of electricity, 
depend on electron movement within 
their atomic strticture to provide the 
electric current 

Bectromagnetlsm Is the effect by which 
electrical currents produce magnetic 
fields. The magnetic field around a 
straight wire Is wealc Stronger magnetic 
fields are obtained by cotUng wire into a 
splraling loop, known as a solenoid. The 
effect of forming a solenoM Is to 
increase the Intensity of the magnetic 
field without having to Increase the 
current An Iron-cored solenoid has a 
stronger magnetic field than that of an 
air<ored solenoid. This Is because the 
electrons In the Iron align themselves 
with the magnetic field produced by the 
current lron<ored solenoids are caKed 
electronwgnets. Electromagnets ener- 
gize the fields of motors and generators, 
and are part of telephones, loudspeak- 
ers, buzzers, electric t>ells, telegraphs, 
relays, electric meters and many other 
devices. 

To produce an electric current from a 
magnet the magnet must rotate Inside 
a kiop of wire or the wire loop must 
rotate between two magnets. The 
magnet creates an electromotive force, 
which causes the electrons in the wire 
to move. Inducing an electric current 
The rotation of the magnet or wire k>op 
altemates between "pushing" and "pull- 
ing" the electrons, due to the magnet's 
polarity. The electric current produced 
thus altemates Its dlrectton of flow, and 
Is therefore called alternating current 
(AC). Altemating current chrnges direc- 
tion 60 times a second In the United 
States. 



How do motora and 
generatora work? 



Motors and generators are basically the 
same in constructron, although their 
functions are opposite, fetors are sup- 
plied with electrical erwrgy to provide 
mechanical energy; generators are sup- 
plied \k<th mechanical er>ergy to produce 
electrical er«rgy. 

The two nrost essential elements of 
each of these machines are flekl and the 
armature. The fiekl Is a magnetic field 
which may be derived from permanent 
magnets or electromagnets. 

The armature b a conductor arranged to 
pass through the field's magnetic lines 
of flux at right angles. The armature 
conductors may be wound onto a 
cylinder that rotates In the Tiekl, or they 
may t>e fixed to the Inner walls of a 
cylinder, within which the fieW windings 
rotate. The armature Is general^ wound 
on a soft iron core to produce maxi- 
mum flux for a given current. The soft 
iron Is laminated (made up of thin 
sik:es) to prevent the electric current 
fi-om circulating in the Iron itself, and 
thus generating heat. The static part of 
the machine is called the stator and the 
revolving part the rotor. Both the Held 
and the armature may be on either the 
stator or the rotor. 

The armature must be supplied with 
electrical cunent if it is the rotor of a 
motor, and there must be a way of 
taidng the electric current from it if it is 
3 generator. 

ELECTRIC MOTOR 
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What ia a tranaformcr? 



One of the most essential electrical 
devices Is the transfonmer. It Is used In 
power stations and at substations — In 
the former to boost voltages for trans- 
mission over power lines aitd In the 
latter to reduce voltages to levels suita- 
ble for Industrial or domestic use. 
Transformers contain two separate wire 
coHs wrapped around an Iron core. 
Electricity flows into the transformer 
through the first coD. As the electricity 
flows through the first coll. It produces a 
magnetic field in the iron core. The 
magnetic field then induces an electric 
current in the second coil which flows 
out of the transformer. OH is circulated 
around the coUs and iron core to 
Insulate and cool the transformer. If the 
voltage Is to be increased, the second 
coil contains rmre tums of the wire than 
the first colL If the voltage Is to be 
decreased, the second coD contains 
fewer turns of the wire than the first coH, 
Transformers are alio used in many 
electrical appliances — such as radios, 
televisions and batteiy chargers — wher- 
ever voltage different from the supply is 
required- 



How does the 
light bulb work? 

The incandescent light bulb consists of 
a thin resistive tungsten filament, at- 
tached to a metal saes^-type base. The 
filament is mounted inside a glass bulb, 
which Is filed with an inert gas— either 
argon or nitrogen. The inert gas pre- 
vents the rapid burning of the filament. 
The resistance causes the flament to be 
heated to incandescence, producing 
light 

Fluorescent light bulbs contain filament 
electrodes at each end of the tube. The 
tube wal Is coated with phosphor (a 
material that fluoresces under uHra-violet 
radiation) and Is tilled with mercuiy 
vapors. Electricity flows through the 
filament, causing the fSament to emit 
electrons. The electrons cause the mer- 
cuiy vapor to bnak down and discharge 
ultra-violet radiation, vrfilch causes the 
phosphor to fluoresce, producing light. 

Fluorescent lights are more efficient 
than incandescent Ights. A 40-watt 
fiuorescent light bulb wtU produce the 
same amount of iun>ens (Ught) as a 
1 SO-watt Incandescent Ight bulb. 



How doea a drcuH work? 



An electric circuit Is the system by 
which an electitc cuneiA to directed, 
controlled, switched on, or switched off. 
OrcuHs can contain from two or three 
to many himdred different components, 
according to the way In which the 
cunrent b to be controlled. 
The primary requirement of a circuit Is 
that it form a complete path; electrons 
must be at>le to flow through the whole 
system so that as many electrons pass 
back into the source of the current as 
leave it 

If the electricity is able to flow com- 
pletely through the circuit, the circuit Is 
said to be a "dosed-drcuif If the 
electricity Is unable to flow completely 
through the drcult, the circuit Is said to 
be an "open-circuit." 

There are two bosk circuits In which 
electricity flows — series or parallel 
circuits. In a series circuit all of the 
electrical components are connected to 
each other In a "series," thus, the 
electric current has only one path to 
follow and flows through each compo- 
nent. In parallel circuits, the electrical 
components are connected individually 
to the main electrical circuit: thus, the 
electric current has more than one path 
to follow. Paralel circuits allow for 
individual control of each electrical com- 
ponent Buildings, most applances. 
motors, etc., are wired In parallel 
circuits. 



SERIES CIRCUIT 




PARALLEL CIRCUIT 




How la electticitT 
dlatiibuted In the home? 

Electrldty is brought to a house through 
a three^re cable and connected via an 
electric meter, which indicates power 
consumption to the household circuit 
breaker or fuse boa. The two "live wires" 
are then brought from the fuse box to 
power outlets (pfcig-lns), utitty boxes 
(lighting), and wall switches. Each of the 
two live wires is at a voltage of 1 20 
volts relative to ground and 240 volts 
relative to each other. The third wire, or 
neutral, Is brought to a grounding bar in 
the circuit breaker box, or attached to a 
metal cold water pipe, as well as to all 
power outlets, utility boxes, and wall 
switches. Every appHance that is 
plugged Into on outlet also has a ground 
connection. The appliance ground is 
connected to the metal or plastic case 
of the appliance. 

If the two live wires should Inadvertently 
come In contact with each other or the 
ground, a 'short circuit" occurs which 
can result In a fire. In a properly wired 
house, such a short circuit causes a 
fuse to melt or a breaker to open, thus 
breaking or opening the circuit prevent- 
ing electricity from flowing to that 
poitkin of the house or appliance and 
causing damage. 

Fuses contain a metal aUoy strip that 
mdts when overioaded. Circuit breakers 
are essential^ heat- or current-activated 
switches that open when overioaded. 

At each power and lighting outlet no 
current Hows until a lamp or appiance is 
plugged in and switched on. However, 
there Is always a voltage at that point 
whether current flows or not. It is like a 
water tap; the pressure is always there 
although there Is no flow until It Is 
tumed on. 



How la electricity 
generated, tranamltted 
and diatributed? 

Heat produced by the combustion of 
fossi fuels (coal, ol or natural gas) or 
the fission of uranium is used to convert 
water to steam. The steam is then piped 
to a hirblne where It strikes the turbine 
blades, cwtsing the turbine shaft to 
rotate. The rxjtating turbine shall Is 
connected to the generator's wire coil. 
As the turbine shaft rotates, It causes 
the generator's wire coB to spin. The 
spinning wire cod is surrounded by 
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GENERATION, TRANSMISSION AND DISTRIBUTION 




f HOME USE 



magnets, which Induce an electric cur- 
rent In the wire coll. The generator 
produces an eiectilc current of about 
22.000 volts. The electric current flows 
from the generator to the power plant 
transformer wfiere the voltage is 
Increased or stepped up. 

The voltage is increased to reduce 
transmission loss. Transmission loss is 
due to the resistance of the transmis- 
sion line to the flow of the electric 
current. The resistance produces heat 
As the electric cunrent increases, so 
does resistance and thus transmission 
loss. SlrKe the some power can be 
obtained by transmitting electricity dther 
at high cunrent and low voltage or high 
voltage and low current. It is more 
efficient to transmit electricity at high 
voltage and low current, as less electric- 
ity is converted to heat through trans- 
mission line resistance. However, at 
high voltages the air aunrounding the 
transmission line become partially 
ionized and some electricity Is lost 
ttirough atmospheric discharge. The 
distance the electricity needs to be 
transmitted deteimines how much the 
voltage Is Increased; the voltage can be 
stepped up as high as 765,000 voKs. A 
765,000-volt transmission line trans- 
ports about as nrvich electricity as live 
34S,000-volt transmission tnes, due to 
transmission loss of the lower voltage 
system. From the power plant trans- 
fonner. the electricity Is transmitted 
throughout the electric utilities' service 
area through high power transmission 
lines. The utility's transmission lines are 
also connected with other ciectrk 'utili- 
ties' transmission lines forming a power 
pool. The transmbslon lines transport 
the electricity to the electric utility's local 
substJitions. Substation transfonnert 
decrease or step down the voltage to 
between 5,000 and 35,000 volts 
(12,000 wits Is the most common). 
Wooden power-pole distribution Hnes 
ctny the electricity from the substation 



to consumers. However, before the 
electricity Is used by the consumer, its 
voHage Is stepped down by the power- 
pole transformer. The voltage is stepped 
down to either 120 or 240 volts. 



What Is energy 
conservation? 

Electricity, while one of the most conve- 
nient fomis of energy, is also one of the 
most InetRclent. Steam turtilne emclen- 
des have risen from 5 percent earfy In 
this century to about 35 percent today, 
but this still means that 65 percent of 
the coal or oil burned In power plants Is 
lost as waste heat and pohitlon. The 
gervcrating efficiency of an electrical 
network, including losses In transmis- 
sion. Is about 25 percent A further 
small loss occurs when electricity Is 
converted into heat, light, or mechanical 
energy of appliances, producing an 
overal elikiency of about 22 percent. 
However, electricity can do things that 
other energy sources cannot, it can 
drive a whole variety of household 
machines, power record players and 
television sets, and provide Instant, 
clean and effective lighting. 

Since much of our electrici^ must be 
produced through the use of the earth's 
supply of fossil fuels, consereatlon Is 
Important. Residential appliances con- 
sume roughly on«-third of the electricity 
produced In the United States. Refriger» 
tors akine utiXte the electrical output ol 
about 25 large power plants, nearly 
seven percent of the nation's consump- 
tion. Improving the energy efBciency of 
appliances Is, therefore, an Important 
step toward conserving fuel resources. 

When buying home appliances It Is 
important to check the eneray efficiency 
rating and purchase the right size 



appliance. Overshed appEances con- 
sume more electricity and undersized 
appliances will have to wori< harder and 
thus, consume more electricity. Always 
compare the wattage of appliances 
(wattage will inform you how much 
electricity the appliance will consume). 
Also be sure to turn off lights and other 
electrical appliances when you are not 
using them. 



Is elecbrldty safe? 



Electricity, when used properly, is a safe 
and convenient form of energy, but 
when used Improperly, electricity can 
cause fkes. shocks. Injuries, and even 
death. The folkiwing safety dps will help 
you avokl electrical accMents. 

• Be careful with electrical cords; don't 
place cords where people will trip 
over them or where they vrill receive 
excessive wean keep cords away 
from heat arvl water; don't pull on 
cords to disconnect them, pull on 
the plug; and don't twist, kink or 
crush cords. 

• ISever use an appliance while stand- 
ing in water or when wet. 

• Don't touch metal plumbing or metal 
objects arxl appliances at the same 
time. 

• Keep combustible materials away 
from lamps oi heating devices. 

• Disconnect appliances before 
cleaning. 

• Keep ladders away from electric 
powe> Knes. 

• Tum off circuits when changing light 
bulbs, 

• In case of an electrical Hre, call the 
fire department; unplug appliance V 
safe; use fire extinguisher or baking 
soda, never use water. 
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Never touch broken electric lines. 
Cal police and the etectilc company 
Immediately' 

In case of electric shock, do not 
touch victim until electricity is turned 
off. H victim is in contact vtritti 
elsctric power lines, the only safe 
prccedure is to call the power conv 
pany. II victim is in contact with low 
voltage cord, use a diy rope or sticl< 
to remove victim. Call hospital and. If 
necessaiy. give artificial respiration 
or. for shocit. cover victim ar»d raise 
his/her feet. 



Mever attempt to remove » tdte from 
dectrk power lioet. and be aware of 
the location of electric power lines 
when flying Idtes. 
Whcfi climbing trees, be sure that 
electric power lines don't touch tt>e 
tree: if so dont climb the tree. 
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Food: The Fuel That Keeps You Gohig 



Introduction 



Evciyone knows lhal the real reason to 
eat Isn't simply for pleasure. Eating Is 
what provides our bodies w<th the 
energy to Ihft. The attractive colors, 
aromas, flavors and textures of favorite 
foods aren't really important to the solid 
necessity of eating for survival. They do 
play a role, however, since they provide 
variety and make eating a lot more 
enjoyable. 



Where does energy 
In food com* from? 



It's the cart>ohydrates, though, that we 
use for energy. Our bodies break down 
the carbohydrates into three fuels, Ctu- 
cose Is the fuel we use for a constant 
level of energy. Gtycogen provides an 
extra-rich fuel for sudden emergeiKies, 
And f«t is a long tenn storage fuel. 

All three fuels are necessary to provide 
the heat that keeps our bodies opera- 
ting at a constant temperature of 98,6" 
F (37° C), These fuels also provWe the 
tnexg/ for your heartbeat, breathing, 
walking, talking and other physiological 
functions. 

When we eat beef, fish, poultry and 
other meats, wc are really eating plants 
that have been converted to another 
form. The ener® is still there. 



Once the com gets to you, other forms 
of energy may be necessary to husk It, 
clean It and cook it to your tastes. 

Meanwhile, energy Is being used to 
produce and ship many other types of 
foods which will eventually end up on 
your table. 

And the entire process has only one 
purpose: to give you energy to survive. 

(Adapted from Energy Readings, part 
of the ^ew York Enerar Educatk;n 
Project. wRh permission of the New 
York Power Pool) 



Notes: 



The food chain for humans begins with 
plants, Onder onJinaiy growing condl- 
tk>ns, plants require soil, water, air and 
sunlight. Of these elements, the energy 
source Is sunlight, or solar energy, 
which Is used by the plant leaves to 
combine chemicals from air and water. 
Carbon dloxWe from air and hydrogen 
from water are combined to form 
carbohydrates. These cartJohydrates, 
stored In the plant's leaves, stems and 
roots, are the major energy source for 
the animals (including humans) who eat 
them. 

Plants get their food from the soil wlikh 
supplies chemicals for making proteins, 
vitsmina and mineraLs. 
When we, ki tum. eat plants, our bodies 
use these proteins, vitamins and miner- 
als as bulkling materials for bones, 
muscles and all the rest of our physical 
parts. 



How is energy used 

to make food and deliver 

it to us? 

The days are tong gone when most 
people grew their own food and survived 
Independently. Today, much of what we 
eat comes from other people and places 
and is the result of a complex series of 
events. 

A good example of a staple crop is com. 

Com requires mariy chemteals from the 
soB, so fanners must keep fertfeing the 
soil '.0 replace bnportant chemicals. 
Usually, fertilizers made from natural gas 
Ke used. 

Farm machinery, of course, bums gaso 
Ine or diese! fuel to do the plowing and 
planting. If rainfall Is poor, farmers may 
need to Irrigate, whfch requires electri- 
city to run the Inigation pumps. Pesti- 
ckles made from petroleum keep the 
com healthy. 

Then, fuei-buming machinery picks the 
com which Is transported by truck or rail 
to where it Is sokt Since this may be 
thousands of miles away, the fuel (and 
energy used) Is often substar'lal. 



BEST COPY AVAILABLE 




Oregon State University Extension Service offers educational programs, 
activities and materials— without regard to race, color, national origin, 
sex, age or disability— as required by Title VI of the Civil Rights Act of 
1964, Title EX of the Education Amendments of 1972, and Section 504 of 
the Rehabilitation Act of 1973. Oregon State University Extension Service 
is an Equal Opportunity Employer. 

Bonneville Power Administration provided fimdmg for this publication. 
May 1993 





